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INTRODUCTION 


DESIGNING ELECTRICAL SYSTEMS BASED ON THE 1993 NATIONAL 
ELECTRICAL CODE® stresses the importance of safe, efficient, and well-de- 
signed electrical systems for residential, industrial, and commercial locations. 
All wiring methods and practices are based on the 1993 National Electrical 
Code”. 

Frequent reference to the 1993 National Electrical Code® and careful study 
of its provisions are required. Copies may be obtained directly from the 
publisher: 


National Fire Protection Association 
Batterymarch Park 
Quincy, Massachusetts 02269 


The first nine chapters of this text-workbook discuss materials, methods, 
and components used in designing electrical systems. Chapters 10 through 13 
discuss particular locations and show step-by-step procedures for designing elec- 
trical systems for these locations. Each of the first thirteen chapters is followed 
by a test. Chapter 14, ‘‘Design Problems and Tests,” is a comprehensive review 
of the designing methods discussed throughout the text. Answers for all tests 
are given in the /nstructor’s Guide. Each test question requires Code substan- 
tiation for the answer. 

In general, within the National Electrical Code® the term watts (w) has 
been superseded by the term volt-amperes (VA) for the computation of loads. 
However, references to nameplate ratings still reflect the term watts. This 
method is used in Designing Electrical Systems Based on the 1993 NEC® and 
in the Instructor’s Guide. 

When total wattage or volt-amperage is to be divided by phase-to-phase 
(three-phase) voltage times 1.732, the following values are substituted: 


for 208 volts 
for 230 volts 
for 240 volts 
for 440 volts 
for 460 volts 
for 480 volts 


1.732, use 360 
1.732, use 398 
1.732, use 416 
1.732, use 762 
1.732, use 797 
1.732, use 831 


moO xX KX OX 


Unless otherwise specified, copper conductors are sized on THW accord- 
ing to Table 310-16. 

Section 110-1 of the 1993 National Electrical Code® states that mandatory 
rules use the word “shall.” Always refer to the NEC® for mandatory rules. 

All receptacle outlet loads are computed at 180 VA each and the demand 
factors of Table 220-13 are used when demand factors can be applied. 


The titles National Electrical Code® and NEC® are trademarks registered to the National Fire 
Protection Association. 
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CHAPTER] 


WIRING METHODS 
— MATERIALS 


Properly designed wiring systems utilize approved materials. These 
materials include various types of conduit, nipples, raceways, wire- 
ways, busways, cables, boxes, conductors, and gutters. Wiring methods 
in accordance with the NEC assure safe and proper installations. 


TYPES OF RACEWAYS 


A raceway is an enclosed channel designed for holding 
wires, cables, or busbars. Raceways may be metal 
conduit or nonmetallic conduit. 


Metal Conduit 


Metal conduit, depending on the type used, may be 
installed outdoors or indoors in damp or dry areas. It 
gives excellent protection to conductors. Manu- 
facturer’s suggestions and applicable sections of the 


| NEC 346-3 
Conduit must be encased in a concrete layer at least 


2” thick to be buried in a cinder fill, or it must be 
buried at least 18” below the cinder fill. 


NEC Table 300-5 
Conduit must be buried at least 6” deep with excep- 
tions per 300-5. 


NEC 346-7, 8 
Conduit ends must be reamed after cutting with 
bushings over the ends of conduit. 


NEC 346-11 
Total bends in a run of conduit must not exceed 360°. 


NEC should be followed when designing wiring systems 
utilizing metal conduit. 


Rigid Metal Conduit. Rigid metal conduit, the first 
material used for raceway systems provides maximum 
protection for circuit conductors (Figure 1-1). It may 
be installed outdoors or indoors inall types of buildings, 
exposed or concealed in any location, including 
hazardous locations. Fire protection is provided by 
rigid metal conduit, as arcing sparks cannot escape 
the conduit system. This heavyweight, thick-walled 
metal conduit provides maximum strength and, when 
properly installed, also provides an excellent equip- 
ment ground. 


NEC 346-1(b) 

Where possible, boxes and fittings must be of the 
same material to prevent galvanic action. Aluminum 
fittings are an exception. 


NEC 346-12 

Conduit must be supported every 10’ and within 3’ 
of every outlet with two exceptions per Table 346- 
12. 5’ support is allowed where structural members 
won't allow 3’. 


NEC 346-5 

The smallest size conduit permitted is 1/2”, with two 

exceptions: 

1. Under plaster, extensions of 516” may be used for 
single conductors. (344-2) 

2. Size °% conduit may be used to connect a motor 
that is separated from the motor box. [430-145(b)] 


NEC 346-15 
General requirements are: 
. Must be shipped in 10’ lengths. 
. Nonferrous, corrosion-resistant conduit must be 
so marked. 
. Manufacturer's name must appear on each length 
of conduit. 


Figure 1-1. General rules for using rigid metal conduit. 
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Figure 1-2. Fittings, bushings, and supports for rigid metal conduit. 


Each piece is shipped in 10’ lengths with one 
threaded coupling. For special applications, lengths 
other than 10’ may be shipped. Couplings, connectors, 
elbows, and a full line of accessories are available in 
sizes of 4” to 6” in diameter (Figure 1-2). When rigid 
metal conduit is cut and threaded in the field, a 
standard cutting die with a*4”’ taper per foot must be 
used. When cut, the ends must be reamed carefully to 
protect the wire insulation from abrasion. WARNING: 
Running threads must not be used to connect 
conduit ends. Running threads would remove the 
galvanized coating, and the conduit would rust. 
Running threads would also weaken the conduit at 
the joint. 


Bushings must be used over the end of a conduit to 
protect the wire from abrasion. Generally, rigid metal 
conduit must be supported every 10’ and within 3’ of 
every outlet. Rigid metal conduit can be supported at 
5’ where structural members won’t allow 3’. For 
straight runs using threaded couplings, the 10’ spac- 
ing of supports may be increased for larger sizes of 
conduit. For vertical risers from machines, etc., this 
distance may be increased to 20’ between supports 
(Figure 1-3). 


PULL BOX 


3’ MAXIMUM 10’ MAXIMUM 
CONDUIT SUPPORTS 
i 


CONDUIT SUPPORTED 
AT TOP AND BOTTOM 


NOTE: A 
DISTANCE BETWEEN SUPPORTS 


FOR VERTICAL RISERS FROM 
MACHINES MAY BE INCREASED 
TO 20. 


Table 346-12 


Figure 1-3. Specifications for supporting rigid metal conduit. 


Intermediate Metal Conduit (IMC). IMC has less 
weight and a thinner wall than rigid metal conduit 
(Figure 1-4). It is approximately 25% lighter and is 
less expensive. Despite its thinner wall, IMC can 
withstand severe mechanical abuse without damage. 
Couplings for IMC may be threaded or threadless. 
IMC may be used in trade sizes of 4” to 4” in diameter 
and in all atmospheric conditions, including hazard- 
ous locations. Because of its lighter weight, it must be 
supported every 10’ and within 3’ of outlets. 


Electrical Metallic Tubing (EMT). EMT is similar 
to rigid metal conduit but is about 40% lighter (Figure 


NEC 300-5 
Burial depth is 6”. 


NEC 345-3 
Conduit may be used in all hazardous locations. 


NEC 345-6 
Conduit is available in sizes 12” to 4”. 


NEC 345-11 
Total number of bends in a conduit run must equal 
no more than 360°. 


NEC 345-12 

Conduit must be supported every 10’ and within 3’ of 
every outlet. Note: 345-12, Ex. 1 permits use of Table 
346-12. See also Ex. 2. 
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1-5). Its couplings and connectors may be either 
compression or setscrew types (Figure 1-6). 

EMT may be used in most locations, but because 
of its lighter weight, thin wall, and threadless or set- 
screw connectors, it is restricted to installations where 
it will not be subjected to severe physical damage. 
EMT is shipped in 10’ lengths, in trade sizes of 2” to 
4” in diameter. It must be supported every 10’ and 
within 3’ of outlets. EMT in unbroken lengths can be 
supported at intervals not more than 5’-0” from each 
outlet box or fitting. See 348-12, Ex. 


NEC 345-3(c) 

Conduit must be encasedinaconcrete layer at least 
2” thick to be buried in a cinder fill, or it must be 
buried at least 18” below the cinder fill. 


NEC 345-8 

Conduit ends must be reamed after cutting. If con- 
duit is threaded in the field, a cutting die with taper 
must be used. 


NEC 345-15 

Bushings must be used over the ends of the conduit 
to protect the wire from abrasion. This rule applies 
for conduit entering boxes, cabinets, and enclosures. 


NEC 345-16 

General requirements are: 

1. Conduit must be shipped in 10’ lengths. 

2. Conduit made of material other than steel must 
be so marked. 

3. The letters “IMC” must be marked every 2’-6” on 
each length of conduit with the manufacturer’s 
name. 


Figure 1-4. General rules for using intermediate metal conduit (IMC). 
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NEC 348-1 
Conduit may be installed in any location except: 
1. Where subject to physical damage. 

. In corrosive atmospheres. 

. Buried in damp cinder fill. 


. In hazardous locations, except for Class Il, 
Division 2. See 503 and 504. 
. In cinder concrete. 


NEC 348-5 

The smallest size permitted is 12”, with these 

exceptions: 

1. Size 546” for underplaster extensions. 

2. Size 3%” for motor separated from motor junction 
box. The maximum size permitted is 4”. 


NEC 348-10 
Total number of bends in a conduit run must not 
exceed 360°. 


NEC 348-11 
When conduit is cut in the field, it must be reamed to 
remove all sharp edges. 


NEC 348-12 
Conduit shall be supported every 10’-0” and within 
3’-0” of every outlet. See 348-12, Ex. 


NEC 300-5 
Conduit must be buried in the ground not less than 
18” unless an exception applies. 


Figure 1-5. General rules for using electrical metallic tubing (EMT). 
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Figure 1-6. Fittings for electrical metallic tubing. 


NEC 350-2 
Conduit may not be installed in: 
1. Wet locations without a W-rated weatherproof 
insulation. 
. Hoistways, except for control circuits and short 
extensions on elevator cars. 
. Storage-battery rooms. 
. Hazardous locations, Class |, Division 1. Can be 
installed in Class |, Division 2. See 504. 
. Oil or gasoline areas without wire insulation 
approved for such areas. 
. Embedded in poured concrete or buried under- 
ground. 


NEC 350-4 


Conduit must be supported every 4’-6” and not over 
12” from boxes and fittings, with this exception: For 


fishing or when flexibility is required, the distance 
may be increased to 36”. 


NEC 350-1 
Conduit must have at least 6’ clearance from a 
scuttle-hole entrance. 


NEC 350-5, Ex. 1 
Conduit can be used for flexible connections with 
equipment grounding conductor. 


NEC 350-3 

Minimum size permitted is 12”, with these excep- 

tions: 

1. Size '/,,” for underplaster extensions per 344-2, Ex. 

2. Size */,” to connect motor to motor junction box 
per 430-145(b). 

3. Size */,’’ to connect lighting fixture to junction 
boxes. 


NEC 350-5 
Conduit may be used for grounding of equipment in 


lengths of 6’ or less and protected at 20 amps or less. 
See 350-3, Ex. 3. 


Figure 1-7. General rules for using flexible metal conduit (Green- 
field). 


Flexible Metal Conduit (Greenfield). Flexible 
metal conduit may be used anywhere other types of 
metal conduit or tubing are used, except in hoistways, 
hazardous locations, storage-battery rooms, and wet 
locations (except where a W-rated insulation is used 
on the conductors) (Figure 1-7). It is shipped in trade 
sizes of 4” to 4” in diameter. 

A variety of fittings for flexible metal conduit is 
available (Figure 1-8). Conduit of 4” may be used for 
connections not over 6’ in length for fixture whips or 
for connections between junction boxes and motors. 
This exception also applies for extensions beneath 
plaster walls and ceilings. Greenfield in */,” diam- 
eters can be used in manufactured wiring systems. 
Section 350-3, Ex. 3 allows °/,”’ Greenfield to be field- 
installed in 4’-0” to 6’-0” lengths for fixture whips. 


SETSCREW STRAIGHT, SETSCREW STRAIGHT, 
FOR 3/8” CONDUIT FOR 1/2” CONDUIT 


TWO-PIECE SQUEEZE, 
PRESSURE-CAST 


TWO-PIECE SQUEEZE, 
MALLEABLE IRON 


Figure 1-8. Fittings for flexible metal conduit. 
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Figure 1-9. Flexible metal conduit may be used for grounding of 


EN. in lengths of 6’ or less when protected at 20 amps or 
ess. 


SUPPORTS 


PULL BOX p 


350-4 


Figure 1-10. Flexible metal conduit must be supported every 
4’-6” and within 12” of outlets or fittings. 


Flexible metal conduit may be used as a grounding 
means when the flex is not over 6’ long and the con- 
ductors are protected by an overcurrent protection 
device of 20 amps or less (Figure 1-9). Flexible metal 
conduit must be supported every 4’-6” and within 
12” of outlets or fittings (Figure 1-10). Fittings must 
be approved for grounding conduit to enclosures, etc. 


NEC 351-4(b) 


Conduit must not be installed in: 
1. Areas where subject to mechanical damage. 


2. Temperatures above that approved for the 
conduit. 
3. Class I, Division 1 locations. 


NEG 351-5 

The minimum size permitted is 12”, with these 

exceptions: 

1. Size 3%” for flexible connections to motors. 

2. Size 3%” as part of an approved assembly or for 
fixture whips not over 6’. 


NEC 351-8 
Conduit must be strapped every 4’-6” and within 12” 
of every outlet, except where fished. 


NEC 351-9 
In the 1%” or smaller size, conduit may be used in 6’ 
lengths or less for grounding. 


Figure 1-11. General rules for using liquidtight flexible metal 
conduit. 
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Liquidtight Flexible Conduit (Weatherproof Flex). 
Liquidtight flexible conduit is similar to other flexible 
metal conduit except that it has an outer plastic jacket 
impervious to water, grease, oil, chemicals, etc. 
(Figure 1-11). Watertight connectors for liquidtight 
flexible conduit come in sizes of 14” to 4” in diameter 
for general wiring. For special applications, size %” is 
used (Figure 1-12). 

Liquidtight flexible conduit and other flexible 
metal conduit may be installed as a fixed-wiring 
method. However, an equipment grounding con- 
ductor must be installed when flexible metal conduit 
is used as a fixed-wiring method. 


STRAIN-RELIEF CONNECTORS 


INSULATED CONNECTORS 


Figure 1-12. Connectors for liquidtight flexible metal conduit. 


Liquidtight flexible conduit must be supported 
every 4’-6” and within 12” of outlets or fittings. It 
must not be used as a grounding conductor in sizes of 
1'4” diameter and larger. In sizes of 1'4” diameter and 
smaller, it may be used in lengths of 6’ or less (Figure 
1-13). 


DISCONNECT 


NOTE: 3/8” and 1/2” at 20A or 
less. 3/4” to 1 1/4” at 60A or less. 
11/4” OR LESS 
6°OR DIAMETER 
LESS 


LOAD 


APPROVED 
FITTING 


351-9 


Figure 1-13. Liquidtight flexible metal conduit 144” and smaller 
may be used for grounding in 6’ or shorter lengths. 
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NEC 347-2 

Conduit may be installed in: 

. The ground at least 18” deep. 
. Walls, floors, ceilings, or concealed work. 

. Exposed work not subject to damage. 

. Cinder fill. 

. Dry or wet locations. 

. Corrosive atmospheres. 

NOTE: Cold weather can cause PVC to become 
brittle and more subject to damage. 


AUN- 


| NEC 347-3 

Conduit may not be installed in: 

| 1. Hazardous locations, except for underground 
runs from gas dispenser to gas stations (must be 
2’ deep). 

. Support of fixtures. 

. Areas subject to damage. 

. Temperatures above that allowed for conduit 
materials. 

. Systems with voltage over 600 volts unless 

encased in concrete. 


oa OM 


NEC 347-8 
Conduit must be supported per Table 347-8. 


NEC 347-10 
Minimum size is 1⁄2”. 


NEC 347-14 
Total number of bends in a conduit run must not 
exceed 360°. 


NEC 347-17 
Conduit must be shipped in 10’ lengths with coupling 
included. Manufacturer’s name must be on each 10’ 
length. 


NEC 300-5 
Conduit must be buried in ground not less than 18” 
from top of conduit with exceptions per 300-5. 


Figure 1-14. General rules for using rigid nonmetallic conduit 


(PVC). 
Nonmetallic Conduit 


Nonmetallic conduit is made of plastic. It is light and 
easily cut with a hacksaw. Joints are made with glue 
and fittings. A grounding conductor is required with 
nonmetallic conduit. 


Rigid Nonmetallic Conduit (PVC). There are two 
types of rigid nonmetallic conduit: Schedule 40 and 
Schedule 80. Rigid nonmetallic conduit is known in 
the field as PVC or plastic conduit. 

Schedule 40. Made from nonmetallic materials such 
as fiber, polyvinyl chloride, or polyethylene, Schedule 
40 conduit is waterproof, rustproof and rotproof 
(Figure 1-14). Schedule 40 thin-walled PVC does not 
have the strength of metal conduits and must not be 
used where it will be subjected to physical damage. 
Schedule 40 heavy-walled PVC may be installed in 


almost any location where rigid metal conduit could 
be used. See Table 10, Ch. 9. 

PVC is shipped in 10’ lengths with coupling included. 

It is connected by using plastic fittings with glue 
(Figure 1-15). PVC must be supported at intervals as 
given in Table 347-8. 
Schedule 80. Schedule 80 PVC is constructed of a 
heavy plastic material thicker and more durable than 
that of Schedule 40 PVC. It may be installed where 
Schedule 40 may not. The advantage of using PVC is 
that no pipe-threading machine is required to thread 
the cut ends of the conduit. PVC can be cut with a 
hacksaw and glued together with couplings and 
connectors. This reduces time and labor costs. 

The total degrees of all the bends (offsets) in a 
conduit run must not exceed 360° (Figure 1-16). 
When this limit is exceeded, damage to the conductor’s 
insulation can occur during installation. 


Electrical Nonmetallic Tubing. ENT can be installed 
in buildings over three floors where concealed in 
walls, floors, and ceilings having a 15-minute fire 
rated finish. It can be exposed in buildings with three 
or less floors if not subject to physical damage. See 


331 and 518-4. 
Vz 90° 
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Figure 1-15. Fittings for rigid nonmetallic conduit. 
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345-11; 346-11; 347-14; 348-10 


Figure 1-16. Total bends (offsets) ina raceway system are limited 
to a total of 360° between enclosures, outlets, or pull boxes. 


DESIGNING A CONDUIT SYSTEM 


The NEC limits the number of conductors that may 
be installed in a raceway. The purpose of this restric- 
tion is to avoid damage to conductors’ insulation 
during installation or removal and also to allow dis- 
sipation of any heat generated in the conductors from 
the load being applied. 


Conductors Permitted in Raceway 


The number of conductors permitted in a raceway is 
determined from allowable fill. Allowable fill is the 
percentage of the cross-sectional area of the con- 
ductors installed in the raceway. The percentage of 
fill must not exceed the cross-sectional area of the 
raceway. The percentage of cross-section of conduit 
and the amount of tubing for conductors are given in 
Chapter 9, Table 1, of the NEC. 


One conductor in raceway: 53% fill 
Two conductors in raceway: 31% fill 
Three conductors in raceway: 40% fill 


CONDUIT 


FOUR # 3 THW 
COPPER CONDUCTORS 
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NEC Tables 3A, 3B, and 3C of Chapter 9 list the 
number of conductors that will not exceed the 40% fill 
limit for each raceway where all the conductors in the 
raceway are of the same size. The three tables list the 
sizes of the conductors and the type of insulation 
covering each conductor. Column 1 lists 12”? conduit 
and the number of conductors for wire sizes #14 
through #2. Twelve other columns list the different 
sizes of conduits and the number of conductors per- 
mitted for each conduit size (Figure 1-17). 

When conductors in a raceway are not of the same 
size, the number of conductors must not exceed the 
allowable fill permitted by Table 1 of Chapter 9 and 
the conduit cross-sectional areas given in Table 4. 
Table 5 lists the cross-sectional area of each con- 
ductor for wire sizes #18 through #2,000 kcmil. The 
type of insulation determines the cross-sectional area 
of each conductor. 

The cross-sectional area of each size conductor is 
multiplied by the number of each size used. In this 
way, using Table 4, Column 5, for over two conductors 
40% fill, the proper size conduit may be found by the 
total cross-sectional area of the conductors (Figure 
1-18). See Table 5A for aluminum compact conductors. 


PROBLEM: What size conduit is required for four #3 
THW conductors? 


STEP 1:Tables 3A, 3B, and 3C in Chapter 9 of the 
NEC. 


ANSWER: 1144” conduit is the minimum size required. 


Figure 1-17. Sizing conduit when 


SIX # 10 THW 
COPPER CONDUCTORS 


FOUR #6 THW 
COPPER CONDUCTORS 


PROBLEM: What size conduit is required for four #6 
THW and six #10 THW conductors? 


conductors are the same size. 


STEP 1: Table 5 in Chapter 9 of the NEC. 


# 6 THW=.0819 x 4= .3276 
#10 THW = .0311 x 6 = .1866 


5142 
STEP 2: Table 4 in Chapter 9 of the NEC. 


.5142 is between .34 and .60 
40% fill for over two conductors, so .60 is used. 


ANSWER: 11/4” conduitis the minimum size required. 


Figure 1-18. Sizing conduit when conductors are different sizes. 
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DESIGNING NIPPLES 


A conduit nipple is specified by Chapter 9 of the 
NEC, Note 3 to Tables, as having a maximum length 
of 24”. Nipples are installed between boxes, cabinets, 
meters, and similar enclosures. The nipple may be 
filled to 60% of its total cross-sectional area, and the 
correction factors of Note 8(a) of Notes to Ampacity 
Tables of 0 to 2000 Volts do not apply (Figure 1-19). 


SERVICE 
EQUIPMENT 


CONDUITS TO 
BRANCH CIRCUITS 


CONDUITS TO 
BRANCH CIRCUITS 


CONDUCTORS 


PROBLEM: What size nipple is required for six #10 
THW, seven #10 THHN, eight #8 THWN, twelve #6 
TW, six #4 THW, and five #4 THWN conductors? 


STEP 1: Table 5 in Chapter 9 of the NEC. 


#10THW =.0311 x 6= .1866sq.i 
#10THHN =.0184 x 7= .1288sq.in. 
# 8BTHWN=.0373 x 8= .2984sq.i 
# 6TW =.0819 x12= .9828sq.i 
# 4THW =.1087 x 6= .6522sq.in. 
# 4THWN=.0845 x 5= .4225sq. in. 


2.67138q. i 
STEP 2: Table 4 in Chapter 9 of the NEC. 
A 2” conduit = 3.36 at 100% 
A 212” conduit = 4.79 at 100% 
3.36 x 60% = 2.016, which is too small 


4.79 x 60% = 2.874, which exceeds 2.6713 
sq. in. area 


ANSWER: A 212” nipple is required. 


Figure 1-19. Sizing nipples. 


If nipples exceed the 24” maximum, the system 
becomes a raceway, and only three current-carrying 
conductors are permitted in a raceway without apply- 
ing Note 8(a). Not only is it harder to install or remove 
conductors when the 24”’, 60% fillrule is violated, but 
safe dissipation of heat generated in the conductors is 
not allowed. For araceway, only 40% fillis permitted, 
which is a 20% difference from the fill permitted for a 
nipple. 


DESIGNING WIREWAYS 


Wireways are rectangular sheet-metal enclosures 
equipped with removable covers providing access to 
conductors inside (Figure 1-20). Wireways may be 
mounted to provide either top or side access. 


SCREW-COVER WIREWAY 


NEC 362-2 

Wireways may not be used: 

1. Where subject to severe mechanical injury. 

2. In corrosive atmosphere. 

3. In hazardous locations, with this exception: If 
dust-tight, may be used in Class |, Division 2, and 
in Class II, Division 2. 


NEC 362-4 
No conductor that is larger than the maximum size 
for which the wireway is designed may be installed. 


NEC 362-5 


Wireway is limited to thirty current-carrying conduc- 
tors except for signaling or control circuits. More 
than thirty current-carrying conductors must be der- 
ated by Note 8(a) of Notes to Ampacity Tables of 0 
to 2000 Volts. 


NEC 362-7 


Splices and tapped conductors may not fill wireway 
to more than 75% of the cross-sectional area of the 
duct. 


NEC 362-9 

Wireways may not be concealed, but they may pass 
through a dry wall if a joint does not fall within the 
wall. 


NEC 362-8 

Wireways must be supported every 5’ when running 
horizontally. Spacing may be over 5’ for special 
ducts. For vertical runs, spacing may be 15’, provided 
there is not more than one joint between supports. 


NEC 362-1 
Wireway must be completely installed before con- 
ductors or cables are laid in place. 


Figure 1-20. General rules for wireways. 


Sizes and Accessories 


Wireways are shipped in 2’, 5’, and 10’ lengths and up 
to 6” x 6” in cross-sectional area. A complete line of 


accessories such as couplings, elbows, caps, and 
fittings is available to assemble a wireway system 
(Figure 1-21). 


A 


WIREWAY ACCESSORIES 


Figure 1-21. Accessories for wireways. 


Extensions 


Extensions from wireways may be made with rigid 
conduit, IMC, EMT, flexible metal conduit, PVC, 
surface metal raceway, metal-clad cable, Type MI 
cable, cord pendants, or ENT per 362-9. 
Concentric knockouts are provided on three sides 
of the wireway and on the end plates. Taps or exten- 
sions may be made from these knockouts. Wireways 
should be mounted so that access to the knockouts is 
available. See 250 for grounding requirements per 
362-13. 
Supports 


Wireways must be supported at intervals not ex- 
ceeding 5’ unless approved for supports at greater 
intervals. The maximum distance allowed between 
supports is 10’. An exception is allowed for vertical 
runs of wireways, which may be supported at intervals 
not to exceed 15’ with no more than one joint between 
supports. Wireways must be completely installed 
before wires or cables are installed. See 362-8 and 
362-1. 

Conductors Permitted 


No conductor exceeding wireway design specifica- 
tions may be laid in a wireway. Conductors for signal 
circuits or motor control circuits for starting duty only 
are not considered as current-carrying conductors, 
and their number is not limited. However, current- 
carrying conductors are limited to thirty or less. When 
the limit of thirty current-carrying conductors is 
exceeded, the correction (or derating) factors of Note 
8(a) of Notes to Ampacity Tables of 0 to 2000 Volts 
must be applied. 
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Sizing 

The sum of the cross-sectional areas of all conductors 
in a wireway must not exceed 20% of the cross- 
sectional area of the wireway (Figure 1-22). Splices 
and taps must fill not more than 75% of the cross- 
sectional area of the wireway per 362-7. 


WIREWAY 


CONDUCTORS 


362-5 


PROBLEM: What size wireway is required for six 
#2/0THW, eight #6 THW, andtwenty-two #12 THWN 
copper conductors? 


STEP 1: 6 x .2781 = 
8 x .0819 = 
22 x .0117 = 


1.6686 sq. i 
.6552 sq. in. 
.2574 sq. in. 


2.5812 sq. i 


STEP 2: Multiplier of 100 divided by 20% fill equals 5. 


2.5812 x 5 = 12.906 sq. in. 
(4x 4 = 16 sq. in.) 


ANSWER: 4” x 4” wireway is required. 


Figure 1-22. Sizing wireways. 


DESIGNING BUSWAYS 


Busways are sheet-metal enclosures in which con- 
ductors are built in at the factory (Figure 1-23). The 
conductors are copper or aluminum busbars supported 
on insulators (Figure 1-24). Busbars usually come in 
10’ lengths and are bolted together on the job site. 
When the lengths are bolted together, a continuous 
busway system is formed. Industrial plants and small 
commercial buildings use this wiring method for 
power distribution. Designers like busway systems 
because plants can make changes in machine layout 
easily. 
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MAIN SWITCHBOARD 


NEC 364-4 

Busways may be used only for exposed work. An 
exception permits them to be installed behind 
removable panels. 


NEC 364-4(a), Ex. 2 
Busways can be installed behind access panels per 
300-22(c). 


NEC 230-43 
Busways may be used at 600 volts or less as service 
equipment. 


NEC 364-4(b) 
Busways must not be installed: 
. Where subject to severe mechanical injury or 
corrosive vapors. 
. In hoistways. 
. In hazardous locations, except for enclosed 
gasketed busways permitted in Class |, Division 
2 locations. 
. In damp or wet locations unless approved. 


NEC 364-8 
Ten types of wiring are permitted to tap or branch off 
busways: 

. Rigid metal conduit. 

. Flexible metal conduit (Greenfield). 

. EMT. 

. IMC. 

> PVC. 

. ENT. 

. Nonmetallic raceway. 


8. Surface metal conduit. 
9. Hard-usage cord assemblies. 
10. Armored cable (BX). 


NEC 364-5 

For horizontal runs, busways must be supported 
every 5’, unless marked for 10’ spacing. The maximum 
spacing for vertical runs is 16’. 


NEC 364-13 

Overcurrent protection for busways used as branch 
circuits is the same as for other wiring used for 
branch circuits. For a 20-amp branch circuit, use a 
20-amp protective device. For a 30-amp branch 
circuit, use a 30-amp protective device, etc. 


NEC 364-10 - 

Overcurrent protection for busways is as follows: 
1. A 100-amp busway requires a 100-amp main. 

2. A 200-amp busway requires a 200-amp main. 
Should the busway fail to correspond to a standard 
fuse or circuit breaker, the next size may be used. 


NEC 364-11 
Reduction in size. 


NEC 364-14 

Branch-circuit busways with plug-ins must be limited 
in length to prevent overloading of the busway. The 
length of the busway must be limited to three times 
the ampere rating of the busway to prevent fewer 
take-offs of plug-ins. A 40-amp busway is limited to a 
120’ length (3 x 40). 


Figure 1-23. Typical busway system, and general rules for busways. 


BUSBARS 
(COPPER OR ALUMINUM) 


INSULATORS 


Figure 1-24. Interior view of a busway. 


Types of Busways 


Busways are available in three types (Figure 1-25): 
plug-in, no-plug-in, and trolley. A plug-in busway has 


NO-PLUG-IN 


FEEDER BUS 


TROLLEY BUS 


PLUG-IN 
SAFETYBUS 
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outlets along its length. Switches with overcurrent 
units can be plugged into this busway and run to feed 
loads as desired. 

Where there is no need for taps or plug-ins, a no- 
plug-in busway is used to supply a straight run of 
power. 

A trolley busway has an open bottom. The trolley 
runs on four wheels, and contact is made by brushes 
or rollers on the busbars. The trolley system feeds 
portable tools for industrial work. 

Busways may extend vertically through dry walls or 
floors, provided there is no joint in the partition or 
between the floors. Busways must be totally enclosed 
for a minimum height of 6’. 


SAFETYPLUG 


TROLLEY 


TROLLEY 


364-1; 364-2 


Figure 1-25. Three types of busways. 
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POINT OF REDUCTION 


600 A BUSWAY 225 A BUSWAY 


PROBLEM: A 600-amp busway protected with a 
600-amp overcurrent protective device is reduced 
to a 225-amp busway. The reduced busway extends 
50’ without overcurrent protection at the point of tap. 


STEP 1:364-117. 

3 x 600 = 200 amps 
ANSWER: Reduced 225-amp busway is permitted 
without additional overcurrent protection. 


NOTE: If busway is reduced below 200 amps, over- 
current protection is required at the point of tap. 


Figure 1-26. Designing reductions for busways. 


Reduction of Busways 


When a busway is reduced to a smaller size, it is not 
necessary to provide additional overcurrent protection 
for the smaller busway, provided it is not over 50’ 
long. The smaller busway must not be in contact with 
combustible material. Also, it must have at least one- 
third the carrying capacity of the overcurrent device 
setting (Figure 1-26). 


MULTIPLE-CONDUCTOR CABLES 


Multiple-conductor cables are flexible assemblies 
with protective coatings for protection of the con- 
ductors. The four types of multiple-conductor cables 


BONDING WIRE 
HOT WIRE 


PAPER WRAPPING 


NEC 333-4 


Details of cable construction are given in 333-4. 


NEC 333-5 
Insulation of conductors may be of any type approved 
for general wiring per Table 310-13 and 310-15. 


NEC 333-6(b) 
Type AC cable may not be used: 
. In theaters or places of assembly. 
. In motion-picture studios. 
. In hazardous locations (see 504-20). 
. In areas with corrosive fumes or vapors. 
. On cranes or hoists. 
. In storage-battery rooms. 


are armored cable (BX), metal-clad cable (MC), 
nonmetallic sheathed cable (Romex), and service- 
entrance cable. 


Type AC Armored Cable (BX) 


Type AC cable is an assembly that contains the con- 
ductors within a jacket made of a spiral wrap of steel. 
A bonding conductor or spiral is in contact with the 
armor to assure a good path for fault-current to return 
from the point of fault to the grounded conductor 
connected to the grounded busbar in the main service 
panel. Armored cable may be used in dry locations 
(Figure 1-27). ACLis a special type of armored cable 
that may be used in wet locations, but must not be 
buried in the ground. 


7. In hoistways or on elevators. 

8. In commercial garages. 

NOTE: Check area to see if only flexible connections 
are permitted. 

NEC 333-7 

Spacing between straps is 4’-6” maximum and 12” 

within each box or fitting, with this exception: Up to 

24” is permitted for flexibility to motors, etc. 

NEC 333-8 

Minimum radius for bends is five times cable diameter. 

NEC 333-10 

Shall comply with 300-4 when run through or paral- 

lel to framing members. 

NEC 333-11 

For exposed work, cable must hug the surface to 

prevent mechanical damage. Exceptions are made 

for attics per 333-12. 

NEC 410-67(c) and 333-7, Ex. 3; 350-3, Ex. 3 

Lengths of 4’ minimum to 6’ maximum permitted for 

whips to fixtures or 2’ for flexibility to motors per Ex. 2. 

NEC 333-6(a) 

Where cable is exposed to weather or continuous 

moisture, W-rated weatherproof insulation is used. 


Figure 1-27. General rules for using Type AC armored cable (BX). 


Armored cable must be supported every 4'4’ and 
within 12” of outlets or fittings, except when a 24” or 
less length is used for a motor and flexibility is needed. 

When the cable is terminated in a box, cabinet, or 
piece of equipment, a connector must be used to 
protect the conductors from abrasion. An insulating 
bushing must be used with the connector. This 
bushing slips over the conductor and under the armor 
of the cable for additional protection (Figure 1-28). 


Ce 


BUSHING 


CONNECTOR 


Figure 1-28. Connector and bushing for Type AC armored 
cable. 


Type AC cable (BX) or nonmetallic sheathed cable 
(Romex) must be properly placed when it passes 
through wooden studs, joists, or rafters. Structural 
members may be drilled in the center, or they may be 
notched and covered by a plate to protect the cable 
from nails, etc. (Figure 1-29). 

Generally, armored cable must hug the surface. 
This cable cannot withstand the abuse that a conduit 
system can stand. There are exceptions where a 
backing is not needed—for example, for flexibility 
to connect a motor, a 24” piece may be used. When 
existing structures are wired, the cable may be fished. 
AC cable can be used for a fixture whip per 410-67(c). 


HOLE FOR CABLE AT LEAST 
1 1/4” FROM NEAREST EDGE 
OF STUD. 


1/16” THICK STEEL 
COVER PLATE 


SOLE PLATE 


333-10; 300-4; 300-4(d) 


Figure 1-29. Type AC cable (BX) and nonmetallic sheathed cable 
(Romex) may be run through holes or notches in studs. 
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When the cable is run in attics that are inaccessible 
without stairways or pull-down ladders, guard strips 
are required only within 6’ of the scuttle-hole opening. 
The cable may be run along the sides of the joists or 
rafters, or studded through drilled holes without 
guard strips (Figure 1-30). 

Cables below the 7’ level must be protected by 
guard strips. These strips are normally 1” x 2” wooden 
strips nailed directly to the structure. A cable run on 
top of the floor joists should be protected by guard 
strips. A cable above the 7’ level does not require 
guard strips, nor do cables run on the side of floor 
joists, rafters, and studs. 


RAFTERS 


CABLE 
GUARD STRIPS 


GUARD STRIPS 
CABLE 


CABLE 


6’ 


FLOOR JOISTS SCUTTLE HOLE 


333-12; 336-13 


Figure 1-30. General rules for running armored cable and non-, 
metallic sheathed cable in attics. 


Type MC Metal-clad Cable 


Type MC cable is a factory assembly of one or more 
conductors. Each conductor is individually insulated 
and enclosed in a metallic sheath of interlocking tape 
or a corrugated tube. Type MC cable is a heavy-duty 
industrial feeder type of armored cable that resembles 
Type AC cable (BX) but is a heavier duty assembly 
and has different installation requirements (Figure 
1-31). See Article 333 for Type AC cable and Article 
334 for Type MC cable. 

Type MC cable is shipped in sizes of #14 up to 
#1,000 kemil. It is also listed up to 5,000 volts by 
UL, but installations up to 15,000 volts have been 
made with the cable. There is a 600 volt limit for 
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aie 


D) 


s n a E 


INTERIOR USE ONLY 


NEC 334-3 

Type MC cables shall be permitted: 

. For services, feeders, and branch circuits. 

. For power, lighting, control and signal circuits. 

. Indoors and outdoors. 

. Exposed and concealed. 

. In direct burial. 

For use in cable trays. 

In approved raceways. 

For open runs of cables. 

. As aerial cable on a messenger cable. 

. In hazardous locations per 501, 502, and 503. 

. In dry locations. 

.In wet locations per 334-3(1), 334-3(2), and 
334-3(3). 

For protection against corrosion, see 300-6. 


1 
2 
S 
4 
5 
6. 
Ta: 
8. 
9 
(0) 
1 
2 


1 
1 
1 


NEC 334-10(a) 
Cables must be supported at intervals not exceeding 
6: 
. When used as service-entrance cable, must 
comply with 230. 
. When used as directly buried cable, must comply 
with 300-5 and 710-3. 
. Whenused outdoors as aerial cable, must comply 
with 225. 
. When used in cable trays, must comply with 318. 


NEC 334-10(f) 
Shall comply with 300-4 when run through or paral- 
lel to framing members. 


INTERIOR OR EXTERIOR USE 


NEC 334-4 

Cables must not be: 

1. Buried in concrete. 

2. Buried directly in corrosive soil. 

3. Exposed to corrosive acids or caustic alkalis. 


NEC 334-10(a), Ex. 1 
Shall be supported within 12” from outlet boxes, 
junction boxes, etc. in dwelling units. 


NEC 334-11 

The radius of the curve of the inside bend must not 
be less than as follows: 

1. Smooth-sheathed type of MC cable. 

a. Not more than 34” in diameter, must have 
bending radius of a minimum of ten times the 
diameter of the cable. 

. More than 34” in diameter but not more than 
1 1/2” in diameter, must have bending radius of 
minimum of ten times the diameter of the 
cable. 

. Morethan 1 1/2” in diameter, must have bending 
radius of a minimum of fifteen times the 
diameter of the cable. 

2. Interlocked type of armor or corrugated sheath. 

a. Must have bending radius of not less than 
seven times the diameter of the cable 
(measured for the radius from the inside of the 
cable). 

3. Shielded conductors. 

a. Must have bending radius of twelve times the 

overall diameter of the cable. 


Figure 1-31. General rules for using Type MC metal-clad cable. 


installation where approved by Article 334. Type MC 
cable must be supported and secured at intervals not 
exceeding 6’ (Figure 1-32). 

The three types of MC cable are: interlocked metal, 
corrugated tube, and smooth tube. All are intended 
for above-ground installation except when marked 


, 
k 6’ MAXIMUM = 
K T? mmaunuuumuuununuN f nuunauunureueenurarneereurers j] moon 


SUPPORTS 


PULL BOX 


334-10(a) 


Figure 1-32. Type MC cable must be supported within 6’ intervals. 


for direct burial. MC cables must be marked for use in 
cable trays, direct burial, or in direct sunlight and be 
suitable for such installations. The cables include 
type CS (copper sheathed) and ALS (aluminum 
sheathed). See 334-3 and 334-4 for permitted and 
not permitted uses. 


Nonmetallic Sheathed Cable (NM and 
NMC — Romex). 


Nonmetallic sheathed cable is known in the field as 
Romex (Figure 1-33). This cable is used for economical 
wiring of single-family dwellings, multifamily dwellings, 
and small commercial buildings. It has two, three, or 
four conductors with a green insulated or bare con- 
ductor used for grounding equipment. An outer non- 
metallic jacket protects the conductors. Nonmetallic 
sheathed cable is installed with various types of 


=|. | 


COPPER TYPE NM 
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SOLID PLASTIC COVERING 


ile HOT WIRE 


£ PAPER INSULATION 
NEUTRAL WIRE 
GROUNDING WIRE 


INTERIOR USE ONLY 


— E 


COPPER TYPE UF 


NOTE: NMC MUST BE 
TYPE B, 90°C THHN 
INSULATION USED AT 
60°C PER 336-26 


INSULATED CONDUCTOR 


E CONDUCTOR 
PLASTIC COVERING 


INTERIOR OR EXTERIOR USE 


Figure 1-33. Nonmetallic sheathed cable (Romex). 


staples or connectors (Figure 1-34). Type NM cable 
has a flame-retardant and moisture-resistant outer 
jacket and is restricted to inside wiring. Type NMC 
has a flame-retardant and moisture-resistant outer 
jacket and also is fungus-resistant and corrosion- 
resistant. NMC may be used outside. 

Nonmetallic sheathed cable must be supported 
every 4'4’ and within 12” of every outlet or fitting. It 
cannot be installed within 6’ of a scuttle hole or trap 
door with ladder unless the cable is run along the 
sides of floor joists, rafters, or studs. When the cable 
is installed on the top of joists or rafters, a guard strip 
is used for the run of cable. 

Type NM or NMC cable may be used for wiring in 
structures of three floors or less. Type NM cable 
must not be used in corrosive locations, commerical 
garages, theaters, motion picuture studios, hoistways, 
hazardous locations, or embedded in plaster. Type 
NMC cable must not be used in commercial garages, 
theaters, motion picture studios, hoistways, storage- 
battery rooms, or hazardous locations. 


Nonmetallic sheathed cable shall comply with 300- 
4 when run through or parallel to framing members. 
Two conductor cables shall not be stapled on the 
edge. Cables run through holes in wooden joists, raf- 
ters, or studs shall be supported. 


nN 


NM AND SEU STAPLES 


NM CABLE 
CONNECTORS 
FOR NM CABLE 


TWO-PIECE CLAMP 
CONNECTORS FOR 
NM AND SEU CABLE 


Figure 1-34. Staples and connectors for nonmetallic sheathed 
cable. 


WARNING: Type NM or NMC cable must not 
be buried in concrete. When type NM or NMC 
cable passes through a floor (exposed work), the 
cable must be protected by conduit to a height of 
at least 6” above the floor (Figure 1-35). 


MUST BE 
IMC, EMT, 
OR RIGID 
METAL 

CONDUIT 


T g 


336-10(b) 


Figure 1-35. Nonmetallic sheathed cable must be protected when 
passed through a floor. 


When the cable passes through wooden studs, joists, 
or rafters, it should run through the center of the stud. 
Ifthe cable is not run through the center of the stud, a 
notch for the cable may be cut in the edge of the stud 
and covered by a e” thick steel plate. 

When NM or NMC cable is installed in unfinished 
basements, it may berun across the face of the beams 
without protection. The size of the cable must be 
# 8-3, #6-2, or larger. Smaller cable must be mounted 
onrunning boards. However, cable of any size may be 
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run through bored holes without any type of backing 
(Figure 1-36). 

Either metal or nonmetallic boxes may be used 
with the cable. The cable must be supported within 
12” of a metal box and within 8” of a nonmetallic box 
with at least '4”’ of the jacket in the box (Figure 1-37). 


BACKING STRIP 


SMALLER CABLE 
THAN # 8-3 OR # 6-2 


OF JOISTS 


ON FACE 
OF JOIST 


# 8-3 , # 6-2 
OR LARGER 
CABLE 


THROUGH 
JOIST HOLES 


336-11; 336-13; 336-12 


Figure 1-36. Methods of running nonmetallic sheathed cable along, 
under, and through floor joists. 


MUST BE SUPPORTED 
WITHIN 12” OF BOX. 
MUST BE SUPPORTED 
WITHIN 8” OF BOX 


MUST BE SUPPORTED 


Ts; 


WITHIN 12” OF BOX. Ns 
a 
STAPLE a 1 
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ROMEX 


370-27, Ex.; 373-5(c) 


Figure 1-37. Nonmetallic sheathed cable must be supported 
when connected to a box. 


Cables may contain different sizes and numbers of 
conductors. A cable with two #12 conductors (black 
and white) with a green insulated or bare grounding 
conductor is called a #12-2 with ground. The size of 
the cable is determined by the load the cable is 
selected to supply. 


Service-entrance Cable 
(SE, ASE, and USE) 


Type SE cable has a flame-retardant, moisture- 
resistant outer covering (Figure 1-38). It is unarmored 
and will not withstand severe mechanical abuse. 
Type ASE cable has an armored-type coating for 
additional protection of the cable. Type USE cable is 
designed for underground use. Its moisture-resistant, 
unarmored covering aids in preventing deterioration 
when it is buried in the earth. 

SE cable may be installed in sizes ranging from 
#12 to #4/0. The cable is available with two insulated 
conductors and one bare conductor or with three 
insulated conductors and one bare conductor. 

The insulation on the conductors is rated either 
60°C, 75°C, or 90°C. For example, TW insulation has 
a 60°C rating. THW has a 75°C rating. These ratings 
are obtained from Table 310-16. 

Most cooking appliances such as ranges, cooktops, 
and ovens require conductors with 60°C rated in- 
sulation. If conductors with 75°C rated or 90°C rated 
insulation are used, the load must be limited to the 
current-rating capacity of conductors with 60°C rated 
insulation. NOTE: Note 8(a) of Notes to Ampacity 
Tables of 0 to 2000 Volts must be observed along 
with the correction factors at the bottom of the tables. 
The neutral wire may be used insulated or uninsu- 
lated, depending on the installation. 

Service-entrance cable may be used for service- 
entrance wiring or for general interior wiring. When it 
is used for service-entrance wiring, the neutral wire 
may be insulated or bare. However, when it is used for 
general interior wiring, the neutral wire must be in- 
sulated with the type of insulation approved for the 
purpose, such as rubber or thermoplastic. 


NEUTRAL WIRES TWISTED TOGETHER 
TO MAKE SINGLE CONDUCTOR 


# 6 AWG TYPE SE 


Figure 1-38. Service-entrance cables (Types SE and USE) are 

v for ee and general wiring. The neutral wire may 
e insulated or bare. Ranges, cooktops, ovens, or dryer 

be supplied by a bare neutral. í eo ii 
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MAIN FOR SERVICE 


MAIN FOR SUB-PANEL 
HOT CONDUCTORS 

EQUIPMENT ISOLATED 
NEUTRAL GROUNDING NEUTRAL 

BAR | a BAR 
EQUIPMENT GROUND Cr 

ONDING JUMP 
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EQUIPMENT GROUNDING CONDUCTOR 
SUB-PANEL 


FOUR-CONDUCTOR CABLE OR 
FOUR CONDUCTORS IN RACEWAY 
IF NOT METAL CONDUIT 


250-61(b); 250-91(b); 338-3(b); 384-20 
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Figure 1-39. Feeder with neutral conductor isolated from case of enclosure and an equipment grounding conductor bonded to the enclosure 


case. 


Five exceptions exist where the neutral wire may 
be uninsulated for general wiring of electrical circuits: 
. Ranges. 

. Counter-mounted cooktops. 

. Wall-mounted ovens. 

. Clothes dryers. 

. Feeder circuit from one building to another on 
the same property. 

The neutral conductor in SE cable may be used 
insulated or bare when the uninsulated conductor is 
used as an equipment grounding conductor and not 
as a circuit conductor or neutral. 

For example, suppose a 100-amp main in the service 
equipment is protecting a 100-amp subfed panel- 
board supplied by a #1-3 SE cable with ground. The 
neutral must be insulated and isolated from the case 
of the panel enclosure. The insulated green, green 
with yellow stripe, or bare equipment grounding 
conductor must be bonded to the case of the en- 
closure. This provides a return path for the fault- 
current and facilitates the operation of the over- 
current devices (Figure 1-39). 

SE cable may be used for wiring in structures not 
exceeding three floors. However, for places of 
assembly where 100 or more persons could meet, the 
wiring method must be metal raceways or nonmetallic 
raceways encased in not less than 2” of concrete. MI, 
MS, or MC cable must be used. 


oF CDF 


OUTLET BOXES 


Outlet boxes are used for spliced conductors and 
feeding of branch circuits for switches, fixtures, small 
transformers, motors, etc. Outlet boxes provide access 
for pulling and feeding conductors into the raceways. 
They can be used as tees, crosses, or offsets to com- 
plete a raceway system. Without boxes, conduit runs 
would require a greater number of bends between 
enclosures. 

Boxes should be installed only when needed. Too 
many boxes would introduce so much splicing of con- 
ductors that the likelihood of problems from im- 
properly spliced conductors would increase. 


Accessories 


Fixtures can be mounted on octagon boxes with 
#8-32 screws. Octagon boxes have cover plates to 
protect conductors when the box is used as ajunction 
box. Table 370-16(a) lists the sizes of boxes with or 
without devices, but only #14 through #6 wire sizes. 
may be used. Sections 370-28(a)(1) and 370-28(a)(2) 
give the requirements for sizing junction boxes that 
have*4”’ or larger conduit with #4 or larger conductors. 
Octagon boxes are available in different sizes to 
accommodate cable clamps, fittings, and devices 
(switches or receptacles). 
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11/2” DEEP, 1/2” KNOCKOUTS 


( EXTENSION RING) 


11/2" DEEP, 1/2" and 3/4" KNOCKOUTS 2 1/8” DEEP, 1/2" and 3/4" KNOCKOUTS 


FLAT BLANK FLAT, 1/2” KNOCKOUT FOR ONE DEVICE FOR TWO DEVICES FOR EXPOSED WORK, RAISED 1/2” 


SQUARE BOXES AND COVERS (4” x 4”) 


OV@O 0 & 


RAISED 1/2” 
11/2” DEEP FLAT BLANK FLAT 1/2” KNOCKOUT OR 5/8”, OPEN FLAT,TOGGLE FLAT, DUPLEX RECEPTACLE 


OCTAGON BOX AND COVERS 


NEC 370-18 
All unused openings in boxes or fittings must be 
closed by knockout seals. 


NEC 370-4 

Boxes used with knob-and-tube wiring or Romex 
must be grounded if box is mounted on metal or if 
metal lath ceilings, walls, metallic surfaces, or metal 
boxes are used. 


NEC 250-91 (b) 

Metal conduit, bare conductor, or green insulated 
conductor may be used as grounding means for 
metal boxes. 


NEC 250-42 
All metal boxes are usually required to be grounded. 


NEC 300-14 
At least 6” of free conductor must be left at each 
outlet box. 


NEC 110-1 3(a) 
Wooden plugs driven into plaster must not be used 
to secure boxes. 


NEC 370-2 
Conduits must not be connected to the sides of 
round boxes, only to square smooth sides. 


NEC 370-20 and 373-3 


Boxes may be recessed 1/4” or less for noncom- 
bustible material. 


NEC 370-25 


Each outlet box must have a cover, faceplate, or 
fixture canopy to complete installation. 


NEC 370-16(a)(1) 


Volume of original box may be increased by the 
cubic inches marked on the plaster ring. 


NEC 370-27(a) 


All boxes used to install lighting fixtures must be 
designed so that a lighting fixture may be attached. 


NEC 250-1 14(a) 
When metal boxes are used, an equipment groundin 
conductor must ground the box by means of a 
grounding screw or another approved grounding 
device. 


NEC 250-1 14(b) 

When a nonmetallic box is used, one or more equip- 
ment grounding conductors must be brought into 
the box to ground fittings or devices of metal. 


NEC 370-25(a) 

Metallic or nonmetallic covers or plates may be 
used with nonmetallic boxes. All metal types used 
must be grounded. 


continued 


continued 
NEC 370-17(c) 


See Figure 1-37 for supports of cables entering non- 
metallic boxes. 


NEC 370-23(b) 
Wooden braces used to support boxes must have a 
nominal 1” thickness. 


NEC 370-23 
Boxes must be rigidly fastened to the surface upon 


which they are mounted. 


NEC 370-23(b)(c) 

Boxes shall not use suspended ceiling wire as a 
sole supporting means unless associated with elec- 
trical equipment in the suspended ceiling. See 
300-11(a) and 410-16(c). 


NEC 370-20 and 373-3 
Boxes mounted in a wall of combustible material 
must be flush with surface or project from it. 
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NEC 370-19 

Junction boxes must be accessible without it being 
necessary to remove or disturb any part of the 
building. However, lift-out panels in suspended 
ceilings are considered accessible. Ceilings with 
scuttle holes or pull-down ladders are also con- 
sidered accessible. 


NEC 370-25(b) 
A cover or canopy must cover all exposed space 
around the edge of the box. 


NEC 370-22 
Extensions may be made with extension rings on 
exposed boxes, but only one per box may be used. 


NEC 370-22, Ex. 

Surface extensions can be made from concealed 
box covers designed for such use. The flexible wiring 
method shall provide good grounding continuity. 


Figure 1-40. General rules for using square and octagon boxes. 


Four-inch square boxes (1900 boxes) are used for 
the same purpose as octagon boxes. They have more 
cubic-inch volume than octagon boxes and allow more 
conductors to be installed. They also have accessories 
such as plaster rings to mount fixtures or devices 
(Figure 1-40). 
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Switch boxes are available in different sizes to 
mount switches or receptacles using #6-32 screws. 
Handy boxes are available in different sizes to mount 
switches or receptacles using #6-32 screws. Handy 


boxes are used for exposed work (Figure 1-41). 


NON-GANGABLE; 1%” DEEP, 3” GANGABLE; 2⁄4” DEEP, 3” LONG, GANGABLE; 3%" DEEP, 3” LONG, GANGABLE; 3” LONG AND 2” WIDE; GANGABLE; 3%” DEEP, 3" LONG, 
LONG, AND 2” WIDE; SQUARE AND 2” WIDE; BEVELED CORNERS; AND 2” WIDE; SQUARE CORNERS; %” KNOCKOUTS; HAS NAIL HOLES. AND 2” WIDE; SQUARE CORNERS; 
CORNERS; WITH NM CABLE WITH NM CABLE CLAMPS; HAS WITH NM CABLE CLAMPS; HAS HAS NAIL HOLES 

CLAMPS; HAS EARS AND NAIL LEVELING BUMPS AND NAIL EARS AND NAIL HOLES. 

HOLES. HOLES. 


SWITCH BOXES 


HANDY BOXES AND COVERS (4” x 2'/,”) 


Figure 1-41. Switch boxes are available in various depths. Handy boxes are used for exposed work. 
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Mounting 


Any type of box must be set flush in a wall or ceiling of 
wood or other combustible material. In this way, 
material that will burn is kept away from the wires in 
case of arcs or sparks in the box. If the box is set ina 
wall or ceiling of material that will not burn (concrete, 
masonry, ceramic tile, etc.) the box may be recessed 
up to 4”. At least 6” of free conductor must be left at 
an outlet or switch box to connect fixtures or devices 
(Figure 1-42). 


IN FLUSH UP TO 1/4” 


COMBUSTIBLE WALL NONCOMBUSTIBLE WALL 


370-20; 373-3 


Figure 1-42. Setting boxes in combustible and noncombustible 
walls. 


Protection 


For safe electrical installations, the conductors should 
not be packed into boxes. The insulation could be 
nicked or cut and, at a later time when the load is 
applied, could heat and cause shorts or grounds to 
occur. The selection of an outlet box or junction box is 
determined by the number of conductors installed. 

Table 370-16(a) lists the number of conductors of 
the same size that may be installed in a certain size 
box. Table 370-16(b) lists the number of conductors 
that may be installed in a box when the conductors 
are a combination of sizes. For a combination of con- 
ductors, the table lists each conductor size in cubic 
inches. 

Table 370-16(a) lists the number of conductors per- 
mitted in a box, but 370-16(a)(1) requires the number 
of conductors to be reduced where cable clamps, fit- 
tings, or devices take up space in the box. 


6” OF FREE 6” OF FREE 

CONDUCTOR \ CONDUCTOR PER 
300-14 

BOX SET BOX RECESSED 


Rules 


Rule 1. Conductors passing through the box unbroken 
and not spliced together with scotchlocks are counted 
as one each (Figure 1-43). 


Rule 2. Where there is more than one grounding 
conductor in the box, whether in NM cable (Romex) 
or raceways, only one conductor is counted (Figure 
1-43). However, where a second set of equipment 
grounding conductors is routed through raceways to 
an isolation receptacle, two conductors must be 
counted. One is for the equipment grounding conduc- 
tor to the box and one is for the isolated receptacle. 


BOX 
CONDUCTORS 


CONDUIT 
TWO CONDUCTORS IN BOX.EACH CONDUCTOR COUNTS AS ONE. 


GROUNDING 
CONDUCTOR 


CONDUIT 


SEVERAL GROUNDING CONDUCTORS IN BOX. 
ONLY ONE CONDUCTOR IS COUNTED. 


370-16(a)(1) 


PROBLEM: What size junction box is required for 
twelve #14 conductors? There are four #14 hots, 
four #14 neutrals, and four #14 grounds. 


STEP 1:Four #14 hot conductors 
Four #14 neutrals 
Four #14 grounding conductors 


il Wt Mt 
-AA 


A 


STEP 2: Table 370-16(a). All the same conductors 
Nine #14 conductors 
ANSWER: 4” x 11⁄4” square box is required. 


Fimure 1-43. Counting conductors in a box. Example of Rules 
and 2. 


GROUNDING CONDUCTOR 


FIXTURE WIRES DO NOT 
TERMINATE WITHIN 

CANOPY PER 370-16(a)(1), Ex., 
BASED ON MANUFACTURERS!’ 
INSTRUCTIONS 


370-16(a)(1) 


PROBLEM: What size box is required for one #12-2 
cable (with ground) and a fixture with two fixture 
wires? 


STEP 1: One #12 hot conductor = 2.25 cu. i 
One #12 neutral conductor = 2.25 cu. i 
One #12 grounding conductor = 2.25 cu. i 
Two #16 fixture wires 
M R A 


STEP 2: Table 370-16(a). 
10.25 cu. in. 
ANSWER: 4” x 11⁄4” octagonal box is required. 


3.5 cu. i 
10.25 cu. i 


Figure 1-44. Conductors are added for wires from a fixture. 


Rule 3. Wires from fixtures, except for sizes smaller 
than #14, must be counted in determining the size 
of the box. Four fixture wires plus grounding con- 
ductor are allowed to terminate in canopy per 370- 
16(a) (Figure 1-44). 


Rule 4. A conductor that is not entirely within the box 
need not be counted as a conductor. A pigtail from a 
splice within the box to a receptacle mounted to the 
box, or a bonding jumper from the receptacle yoke 
bonded to the box, is an example of sucha conductor. 
(Figure 1-45). 


Rule 5. Where there is a switch or receptacle mounted 
on a strap (or yoke), two conductors are added based on 
the largest conductor connecting to the device. The 
switch or receptacle is mounted on the strap, and #6-32 
screws mount the entire unit to the box. NOTE: One 
strap could have one, two, or three devices mounted on 
it and still count as two conductors (Figure 1-45). 
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YOKE OR STRAP 


FOR YOKES OR STRAPS, 
TWO CONDUCTORS ARE COUNTED 


CONDUCTOR PASSING 
THROUGH BOX 


PIGTAIL 
HOT CONDUCTOR 


ai 


Po RECEPTACLE 


GROUNDING 
CONDUCTOR 
(BONDING JUMPER) 


CONDUIT d 


SPLICED PIGTAILS DO NOT COUNT 
AS ONE CONDUCTOR 


370-16(a)(1) 


PROBLEM: What size box is required for five #14 
conductors? One #14 conductor passes straight 
through the box, two #14 conductors terminate ona 
plug, and two #14 conductors are spliced with a 
pigtail terminating on the plug. 


STEP 1: Two #14 hot conductors 
Two #14 neutral conductors 
spliced with a pigtail 
One #14 conductor passes 
straight through 
One plug or device 


STEP 2: Table 370-16(a). 
Seven #14 conductors 


ANSWER: 3” x 2” x 2%/,” 


Figure 1-45. Counting conductors for devices in a box. Example 
of Rules 4 and 5. 


Rule 6. If a box contains one or more clamps, only one 
conductor must be added for the clamps in the box. If 
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PROBLEM: What size junction box is required for 
four #14-2 cables (with ground) with two cable 
clamps? 


STEP 1: Four #14 hot conductors 
Four #14 neutral conductors 
Four #14 grounding conductors 
Two cable clamps 


4 
4 
1 
1 


0 
STEP 2: Table 370-16(a). 


Ten #14 conductors 
ANSWER: 4” x 2'/,” octagonal box is required. 


370-16(a)(1) 


Figure 1-46. One or more cable clamps in a box count as one conductor. Example of Rule 6. 


combination conductors are installed in the box, the 
number of cubic inches of the largest conductor is 
used for the grounding clamps in the box. NOTE: 
Unused cable clamps may be removed to gain space 
(fill) in the box (Figure 1-46). 


Rule 7. Where there are one or more fixture studs 
or hickeys, one conductor must be added for each 
fitting in the box. When fixture studs are used with 
combination conductors, the number of cubic inches 
of the largest conductor of the group is used for the 
fixture stud in the box (Figures 1-46 and 1-47). 


CABLE CLAMPS 


#16 FIXTURE WIRE 


FIXTURE WIRES 
TERMINATE IN 
CANOPY PER 
370-16(a)(1), Ex. 


FIXTURE Dr 
HICKEY J 


370-16(a)(1) 


Conductors in Boxes 

When the conductors of different sizes are contained 
in a box, the volume per conductor as listed in Table 
370-16(b) is used. These volumes are: 


Size of Volume in 
Conductor Cubic Inches 
#18 1.5 

#16 175 
#14 2.0 
#12 225 
#10 ee 

# 8 3.0 


PROBLEM: What size box is required for a lighting fix- 
ture with a stud, a hickey, two cable clamps, one hot, 
one neutral, and one grounding conductor, and two #16 
fixture wires? 


STEP 1: One stud = 
One hickey = 
Two cable clamps = 
One hot conductor = 
One neutral conductor = 
One grounding conductor = 


Qj= st os ot a 


STEP 2: Table 370-16(a). 


ANSWER: 4” x 114” octagonal box is required 


Figure 1-47. One conductor is counted for each stud or hickey in a box. Example of Rules 6 and 7. 


Table 370-16(b) is used to size boxes that have a 
larger cubic-inch size than is listed in Table 370- 
16(a). The maximum number of conductors permitted 
in a box is calculated by the volume per conductor 
listed in Table 370-16(b). 

For finding the size box for combinations of con- 
ductors, the volume per conductor listed for each size 
conductor in Table 370-16(b) is used as shown in Fig- 
ure 1-48. 


PROBLEM: What size box is required for two 
#14, two #12, two #10, two #8, and two #6 con- 
ductors, all spliced in the same box? 


STEP 1: Table 370-16(b). Combination of conductors 


Two #14 = 2.0 cu. in. 
Two #12 = 2.25 cu. in. 
in. 
» ink 
in. 


Hin: 
5, tale 
. in. 
» tin 
o lil. 
Mine 


x2 = 
x2 = 
x2= 
x2= 
x2= 


STEP 2: Table 370-16(a). 
ANSWER: 411/46” x 112” square box is required. 


Figure 1-48, Calculating the size box required for combination of 
conductors. 


If cable clamps are present in the box, and different 
size conductors are installed, one conductor must be 
added for the clamps, using the cubic-inch size of the 
largest conductor in the box. If the fill of a certain 
size box is exceeded, the next larger size box may be 
used, or an extension ring may be added. Only one 
extension ring may be added per box for additional 
fill. See 370-22. 


If fittings such as hickeys and fixture studs are 
present, a conductor must be added for the largest con- 
ductor in the box. When the number of cubic inches 
for a box exceeds that given in Tables 370-16(a) and 
370-16(b), a larger box must be used. An example of 
the procedure used to calculate the size box required 
is shown in Figure 1-49. (The cubic inches of a box 
can be found by multiplying the length times the 
width times the depth.) 
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PROBLEM: Whatsize box is required for the following 
combination of conductors? 


STEP 1: Table 370-16(b). Combination of conductors 


Fifteen #14=2.0cu.in.x15= 30.0cu.in. 
Ten #12=2.25cu.in.x10= 22.5cu.in. 
Ten #10=2.5 cu.in.x10= 25.0cu.in. 
Ten # 8=3.0 cu.in.x10= 30.0cu.in. 
Five # 6=5.0 cu.in.x 5= 25.0cu.in. 


132.5 cu. in. 


STEP 2: Total cubic inches exceeds cubic inches in 
Table 370-16(a). 


STEP 3: Multiply dimensions of junction box and find 
total cubic inches of junction box. 


6” x 6” x 4” = 144 cu. in. total 


STEP 4: 144 cubic inches are more than 132.5 cubic 
inches; therefore, a 6” x 6” x 4” junction box 
may be used. 


ANSWER: 6” x 6” x 4” junction box is required. 


Figure 1-49. Calculating the size box required when total cu- 
bic inches of box exceeds cubic inches in Table 370-16(a). 


JUNCTION BOXES AND 
PULL BOXES 


Section 370-28(a) applies for 3⁄4” or larger raceways 
(conduit or cables) with #4 or larger conductors or 
cables pulled through the raceway. If the conductors 
or cables in the raceway are smaller than #4, Table 
370-16(a) or Table 370-16(b) is used. 

There must be enough space in the pull or junction 
box so that #4 or larger conductors or cables can be 
properly installed without over-bending or kinking 
the conductors. 

The width of a box for a straight pull is determined 
by the size of the largest conduit and by the space 
required by the locknuts and bushings. The length 
cannot be less than eight times the largest conduit, 
with at least 2” spacing added between each conduit. 
This rule applies to raceways 3⁄4” or larger with con- 
ductors #4 or larger (Figure 1-50). 

In an angle pull, or U-pull, a group of conduits 
enters a pull or junction box at one side and leaves at 
the top or bottom. When the minimum length is figured 
from the rules of 370-28(a)(2), this length sets the 
minimum width also. The inside length of the box 
must not be less than six times the largest raceway 
(conduit) plus the sum of the diameters of all addi- 
tional raceways entering the box. NOTE: The wall, 
or row, with the most conduit entries must be used 
to size the junction box. 
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l= 2” CONDUIT = \ 


e 


MINIMUM LENGTH 
6x2’ i 


180+ 2+1 =21" 
MSIZER ZIE X 21” 


ANGLE PULLS 


CONDUIT 


11/2 


STRAIGHT PULLS 


MINIMUM LENGTH 
8x 3” = 24" 


2” CONDUIT 


M FIRST CONDUITS 
CONNECTED 6 X 2” = 12”, 
THIS CALCULATION WILL 
SET FIRST CONDUIT TO BOX. 


370-28(a)(1)(2) 


Figure 1-50. Sizing boxes for straight and angle pulls. 


The diagonal distance between the centers of the 
raceways (or conduits) where they enter the box must 
be six times the raceway’s diameter. For example, a 
2” raceway enters the box at the top and leaves at 
the left side: 6 x 2” = 12”. This figure sets the first 
entry of conduits to the box (Figure 1-50). 


AUXILIARY GUTTER 


ALUMINUM OR COPPER 
BUSBARS 


TAP DEVICES 


NEC 374-1 

Auxiliary gutters may be used to enclose conductors 
or busbars but not: 

1. Switches. 

2. Overcurrent devices. 

3. Appliances. 

4. Other electrical apparatus. 


NEC 374-2 

Auxiliary gutters must not extend more than 30’ 
beyond the equipment they supplement, with this 
exception: For elevator work, there is no limit. 


AUXILIARY GUTTERS 


Auxiliary gutters are similar to wireways, except that 
gutters are used to supplement wiring space available 
at meters, panelboards, switchboards, and similar 
types of equipment (Figure 1-51). 


NEC 374-5 

Auxiliary gutters may be filled to 20% of the cross- 
sectional area of the gutter. Only thirty conductors 
may carry current. Signal and motor-control circuit 
conductors are excluded and not counted as current- 
carrying conductors. When the limit of thirty current- 
carrying conductors is exceeded, the derating 
factors of Note 8(a) of Notes to Ampacity Tables of 
0 to 2000 Volts apply. 


NEC 374-6 


The ampacity of busbars must not exceed 1,000 
amps per square inch of the cross-sectional area for 
copper, and 700 amps for aluminum. 


NEC 374-7 

Bare conductors mounted on the same surface must 
have a minimum distance of 2” between each other. 
If parts are held in free air, only 1” is required for 
clearance. Other metal surfaces must have at least 
1” clearance. 


NEC 374-8(a) 
Not more than 75% of the area of the gutter shall be 
taken by the conductors plus the taps and splices. 


NEC 374-3 
Auxiliary gutters must be supported throughout 
their entire length at intervals not exceeding 5’. 


Figure 1-51. General rules for auxiliary gutters. 


Installation Requirements 


Gutters must not extend more than 30’ beyond the 
equipment they supplement. An exception exists for 
elevators, for which there is no limitation on the 
distance of the gutter. 

When a gutter extends beyond 30’, it becomes a 
wireway, and the rules of Article 362 must be applied. 
Wireways are available in sizes 2%”, 4”, 6”, 8”, ete. 
Short pieces are available in 1’ and 2’ lengths that are 
continuous and can be installed without cutting the 
wireway. 

Auxiliary gutters are used for short connections of 
apparatuses. Wireways are used for general wiring 
and where there is a long distance between the con- 
nection points (Figure 1-52). 

AUXILIARY GUTTER 


30’ OR LESS 
FROM EQUIPMENT 


METER 
DISCONNECT SWITCH 
PANELBOARD 


WIREWAY 
ANY LENGTH 


374-2 


Figure 1-52. Auxiliary gutter and wireway compared. Auxiliary 
gutters may not extend over 30’ beyond equipment. Wireways may 
be any length. 


Busbars and Gutters 


Busbars installed in gutters are limited to a maximum 
continuous ampacity of 1,000 amps per square inch 
of the conductor cross-sectional area for copper, and 
700 amps per square inch for aluminum (Figure 
1-53). 

The NEC requires that adequate space be allowed 
for the expansion and contraction of busbars in gutters. 
When busbars absorb heat from different loads of the 
electrical system, they become hot and expand. 
When the loads using electricity are removed, the 
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bars cool and contract. Good design is necessary to 
secure and brace busbars and conductors installed in 
auxiliary gutters. 

The NEC requires a minimum clearance of 2” for 
bare conductors mounted on the surface and 1” in 
free air. 


1/2” X 1” COPPER BUSBARS 


| PROBLEM: What is the current-carrying capacity of 
each of three copper busbars? Each bar is 1/2” x 1”. 
The cross-sectional area of each is 12” x 1”. 


STEP 1: ¥" x 1” x 1,000 = 500 amps. 


ANSWER: Each busbar has a 500-amp current- 
carrying capacity. 


Figure 1-53. Designing the current-carrying capacity of a busbar. 


Supports 

Auxiliary gutters must be supported throughout their 
entire length at intervals not exceeding 5’. Minimum 
spacing for busbars installed in an auxiliary gutter is: 
2” between the busbars at points of support, and 1” 
between the busbars and the walls of the enclosure 
(374-7) (Figure 1-54). 
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BUSBARS 
AUXILIARY GUTTER 


INSULATING SUPPORTS FOR BUSBARS 


PROBLEM: What size auxiliary gutter is required to 
house three 1/4” x 1” busbars installed in a vertical 
position side by side? 
STEP 1:Add 2” between busbars. 
4” + 22 oP 1/4” + BY + 1/4” = 43/4” 
STEP 2:Add 1” between walls of gutter enclosure 
and busbars. 
43/4" + 1” + 1° = 65/4” 


STEP 3:Add 1” for height of busbars, 1” for top of 
gutter enclosure, and 1” for bottom of gutter 
enclosure. 


wt w+ a 3” 


ANSWER: Auxiliary gutter size must bea minimum of 
63⁄4” inside width x 3” inside height. 


Figure 1-54. Minimum spacing for busbars. 


Taps Leaving Gutters 


All taps to busbars in a gutter must leave the gutter 
opposite of the connection to the busbar being tapped. 
They must be installed so that the insulation will not 
contact busbars of opposite polarity. Also, all taps 
must be accessible when the gutter cover is removed. 
They must leave the gutter opposite their terminal 
connections, and they must not be in contact with 
bare conductors of opposite polarity (Figure 1-55). 


Current-carrying Conductors 


The number of current-carrying conductors in an 
auxiliary gutter is limited to thirty. For example, ina 


VIOLATION 


BUSBARS 
CONDUIT 
GUTTER 


374-8(b) 


PERMITTED 


Figure 1-55. Conductors entering and leaving gutters. 


balanced 120/240-volt system, the neutral will carry 
only unbalanced current and therefore is not con- 
sidered a current-carrying conductor. However, a 
neutral on a wye system supplying electrical dis- 
charge (fluorescent) lighting would carry current 
because of the third harmonics. (Harmonics is the 
energy that supplies the magnetic fields for inductive 
loads.) The neutral will collect all the harmonics added 
together from Phases A, B, and C and will be a 
current-carrying conductor per Note 10 of Notes to 
Ampacity Tables of 0 to 2000 Volts. 


Sizing Auxiliary Gutters 

When the number of current-carrying conductors ex- 
ceeds thirty, the derating factor of Note 8(a) of Notes 
to Ampacity Tables of 0 to 2000 Volts must be ap- 
plied (Figure 1-56). 

The maximum fill allowed by the NEC for gutters is 
20%. Any number of conductors may be installed up 
to the 20% fill. However, the correction factors must 
be applied when there are more than thirty current- 
carrying conductors in the gutter. 

When sizing an auxiliary gutter for busbars, follow 
the procedure in Figure 1-57. The required figures 
are obtained from Table 5 of Chapter 9 in the NEC. 
WARNING: Do not install switches, fuses, cir- 
cuit breakers, or similar equipment in auxiliary 
gutters. 


Designing Cable Trays 


Cable trays are used where a number of cables are in- 
stalled in one run from one location to another. Cable 


AUXILIARY GUTTER WITH 
THIRTY-SIX #8-THWN COPPER 
CURRENT-CARRYING CONDUCTORS 


Table 310-16; 374-5, Ex. 3 
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PROBLEM: What is the current-carrying capacity 
of each conductor if thirty-six #8 THWN copper con- 
ductors are installed in an auxiliary gutter? Com- 
pute the load with diversity and no diversity load 
factors. 

DIVERSITY 

STEP 1: Table 310-16. 


One #8 THWN has an ampacity of 50 amps. 


STEP 2: Table B-310-11. 60% derating is required. 


STEP 3: 50 amps x 60% = 30 amps 


ANSWER: The load on each conductor is limited to 
30 amps. 


NO DIVERSITY 


STEP 1: Note 8(a) of Notes to Ampacity Tables of 0 
to 2000 Volts. 40% derating is required. 
STEP 2:50 A x 40% = 20A 


ANSWER: The load on each conductor is limited to 
20 amps. 


Figure 1-56. Sizing auxiliary gutters for more than thirty conductors. 


374-5; Table 5 of Chapter 9 


PROBLEM: What size auxiliary gutter is required for 
six #6 THW, eight #1 THW, seven #2 THW, and four 
#3 THW copper conductors, all entering and passing 
through the gutter? 


STEP 1: Table 5 of Chapter 9 of the NEC. 
six #6THW = .0819 x 6 = .4914 sq. in. 
eight #1 THW = .2027 x 8 = 1.6216 sq. in. 
seven #2 THW = .1473 x 7 = 1.0311 sq. in. 
four #3THW = .1263 x 4 = .5052sq.in. 


3.6493 sq. in. 


STEP 2: Multiplier = 100 = 5 
20 


STEP 3: 3.6493 x 5 (20% fill) = 18 sq. in. 
The required area of the gutter is 18 sq. in. 
STEP 4: Sizing gutters: 


4” x 4” = 16” Less than required. 
6” x 6” = 36” More than required. 


ANSWER: 6” x 6” is a standard size gutter. 


Figure 1-57. Sizing auxiliary gutters for busbars. 


trays consist of steel or aluminum sections with the 
ends bolted together to form a run of the required 
length. Cables are laid on racks, troughs, or hangers 
in each tray and are routed to electrical equipment. 


Sizing Trays for Multiple-conductor Cables. 
Section 318-9 lists the requirements for installing 
multiple-conductor cables in ladder, ventilated-trough, 
solid-bottom, or ventilated channel-type trays. 

For ladder or ventilated-trough trays, the diameter 


of all cables No. 4/0 and larger must be added together 
and the total must not exceed the width of the cable 
tray. Cables must be placed side by side. Table 318-9, 
Column 1 is used for cables less than No. 4/0. These 
cables do not have to be placed side by side. Table 
318-9, Column 2 is used for a combination of cables 
rated larger than 4/0 and smaller than 4/0 (Figure 
1-58). 

The total cross-sectional areas of the cables in trays 
with an inside depth of 6” or less containing control 
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and/or signal cables must not exceed 50% of the cross- 
sectional area of the tray. 

For solid-bottom trays, the diameter of all cables 
No. 4/0 and larger must not exceed 90% of the cable 
tray width. Table 318-9, Column 3 is used for cables 
smaller than 4/0. Table 318-9, Column 4 is used for 
a combination of cables rated 4/0 or larger, or less 
than 4/0. 

For trays with an inside depth of 6” or less contain- 
ing control and/or signal cables, the total cross- 
sectional areas of the cables must not exceed 40% of 
the cross-sectional area of the tray. 

For ventilated channel-type trays, the total cross- 
sectional areas of all cables must not exceed 1.3 square 
inches for 3” wide trays or 2.5 square inches for 4” 
wide trays. 


MULTICONDUCTOR CABLES 


CABLE TRAY WIDTH MUST BE 
SELECTED FROM TABLE 318-9 

AND BASED ON THE CALCULATION 
IN COLUMN 2 


NO. 4/0 AND LARGER (12.6” DIA. TOTAL) 
SMALLER THAN NO. 4/0 (22 SQ. IN. TOTAL) 


OO 
one ers OO; Da 
ED ERR 


CABLES CAN BE 
PLACED ON TOP OF 
EACH OTHER 


CABLES MUST BE 
PLACED SIDE BY SIDE 


NOTE: SQUARE INCH AREA OF 
CABLES OBTAINED 
FROM MANUFACTURER. 


PROBLEM: What size cable tray is required for nine 
multiconductor cables smaller than 4/0 and four 
multiconductor cables larger than 4/0? The total 
diameter (in inches) for the 4/0 and larger cables is 
12.6” and the total area for cables rated less than 4/0 
is 22 sq. in. 
STEP 1: 318-9(a)(3). 

sq. in. of cables smaller than 4/0 = 22 sq. in. 


diameter of cables larger than 4/0 = 12.6” 


STEP 2: Table 318-9. 


22 sq. in. + (12.6” x 1.2) = 37.12 sq. in. 
A 36” tray has 42 sq. in. area. 


ANSWER: The inside width of the cable tray must be 
equal to 36”. 


Figure 1-58. Sizing cable trays for multiconductor cables. 


Sizing Trays for Single Conductor Cables. 
Section 318-10 lists the requirements for installing 
single-conductor cables in ladder, ventilated-trough, 
or ventilated channel-type trays. 

For ladder or ventilated-trough trays, the total 
diameter of all cables 1000 kemil and larger must not 
exceed the width of the cable tray. Table 318-10, Col- 
umn 1 is used for cables smaller than 1000 kemil. 
Table 318-10, Column 2 is used for a combination of 
cables rated 1000 kcmil and larger, and smaller than 
1000 kemil (Figure 1-59). 

For ventilated channel-type trays, the total diameter 
of all cables must not exceed the inside width of 4” 
wide trays. 


SINGLE CONDUCTOR CABLES 
CABLE TRAY 


TEN NO. 250 KCMIL THHN CONDUCTORS 
TWELVE NO. 1000 KCMIL THHN CONDUCTORS 


Cee). VS 
OO C USCEOO: 
sibs A 
CABLES CAN BE 


PLACED ON TOP 
OF EACH OTHER 


CABLE TRAY WIDTH MUST 

BE SELECTED FROM 

TABLE 318-10, COLUMNS 1 AND 2 
AND BASED ON THE SQUARE INCH 


Table 318-10 AREA FROM TABLE 5, CHAPTER 9. 


PROBLEM: What size cable tray is required for ten No. 
250 kcmil THHN copper conductors and twelve No. 
1000 kcmil THHN copper conductors laid in a ladder- 
type tray? 


STEP 1: Table 5, Chapter 9. 


250 kcmil THHN = .4026 sq. in. 
1000 kcmil THHN = 1.317” dia. 


STEP 2: 318-10(a)(3); Table 318-10, Columns 1 and 2. 
250 kcmil THHN 


.4026 x 10 = 4.026 sq. in. 


1000 kemil THHN 
UWS XW Ss Ue) = 


17.3844 sq. in. 
21.4104 sq. in. 


STEP 3: Table 318-10. 
24” wide tray = 26 sq. in. 

ANSWER: The inside width of the cable tray must be 

equal to 24”, 


Figure 1-59. Sizing cable trays for single conductor cables. 


CHAPTER 1: WIRING METHODS — MATERIALS 


Name 


Date 


True or False 


Circle T (true) or F (false) for each statement. Enter the NEC section number that supports your answer in the 


space provided. 


Section 
LE TF 1 
P ily F 2 
GOD DF 3 
| i T 4 


J 
D 
o- 


ws 1.3 
‘as [nd 
oF 
\ : 
a 
nm 
œ N Q a 


‘ (PF 10 
$7o-lo Dr 11 
2 Dh =be 7 
2 2 Te 12 


245-1 @F 13. 
245-3 Gr 14. 
£FO-G2 @rF 1s. 
227 ë 1 16. 


A a 17. 
250-7 16) 18. 


Cp he 


Zye-(2 (TF 19. 
c56=/5 TO 20. 


Type AC cable is a fabricated assembly of insulated conductors in a flexible 
metallic enclosure. 


Fixture wire #18 and larger must be counted toward the conductor fill of the box. 
Cables run vertically to framing members shall have at least a 1'/,” clearance. 


Flexible metal conduit in 6’ or shorter lengths shall not be used in the raceway 
run to the service equipment. 


For a U-pull, the wall with the most conduits must be used to size the junction box. 
AC cable is permitted in lengths of not more than 24” at terminals for flexibility. 
Type NM or NMC cable must not be used as service-entrance cable. 

For NM or NMC cable run at angles with joists in unfinished basements, cables 
not smaller than those with two #6 or three #8 conductors may be secured 


directly to the lower edges of the joists. 


Fixture wires that terminate in a fixture canopy are not required to be counted 
toward the fill. (Four #16 with EGC.) 


An identified outlet box can be used to support a 40 Ib. ceiling fan. 

Two conductors shall be counted for each yoke or strap. 

The two conductor count requirement is based on the smallest conductor connect- 
ing the device. l 

Threadless couplings and connectors used with IMC and buried in masonry or 
concrete must be of the concrete-tight type. 


Cut ends of conduit must be reamed or otherwise finished to remove rough 
edges to protect conductors from abrasion. 


An EGC No. 4 and larger can be used to ground and bond cable trays. 


Running threads are permitted to be used on conduit for connections at 
couplings. 


The NEC permits five 90° bends in a single conduit run. 


Green insulated or bare copper (#12) shall be used in flexible metal conduit 
as a grounding means in lengths over 6’ if protected by a 20-amp or less 
overcurrent device. 

EMT, rigid metal conduit, and IMT can be fastened at 5’ when framing members 
do not allow 3’ support. 


N N} £ 1 rae 
Romer must be supported at least every 5’ and within 12” of every outlet and 
fitting. 
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Design Problems 


Enter the answer(s) to each question and the NEC section number(s) that supports your answer(s) in the space 


Q7? 


What size ladder-type cable tray is required for twelve #500 


kcmil and nine 21000 kcmil THW copper conductors? 
1S 4&3 


How many supports does Table 347-8 require for a 3” PVC 
conduit run 126’ from a pull box to a disconnect switch? 


What is the current-carrying capacity of an aluminum busbar 
BB" x1"? By | x FooF 


What is the current-carrying capacity of a copper busbar 
1⁄4” x fale) J- faa X y S f Do o= 


What size box is required for twelve #10 THW copper con- 
ductors and ten #12 TW copper conductors? 


What size box is required for four #8 THW copper condutors? 


What size box is required for four #12 THW copper con- 
ductors with one fixture stud and two equipment grounding 
conductors (two #16 fixture wires) without canopy space? 


What size box is required for two #12 THW copper con- 
ductors, one equipment grounding conductor, and one 
duplex plug? 


What size box is required for two #12 conductors passing 
straight through, four #12 conductors spliced, and two #16 
pigtails tapped for a fixture? 


What size box is required for two #12 conductors, astud, and 
one equipment grounding conductor? 


What size box is required for one 4”, one 3”, one 2”, and one 
1” conduit for an angle pull? 


What size box is required for one 4”, one 3”, and one 2”, 
conduit for a straight pull? 


What size auxiliary gutter is required to supply four dis- 
connects with four #6 THW copper conductors in 1” conduit, 
four #1 THW copper conductors in 114” conduit, six #2 THW 
copper conductors in 2” conduit, and two #3 THW copper 
conductors in 1” conduit? (All conductors pass straight 
through to the disconnect or pass through the gutter without 
splices.) 


What size conduit is required for four #12 and four#14 THW 
copper conductors? 


What size conduit is required for six #10, four #8, and three 
#6 THW copper conductors? Bays 
How many 400 kcmil THW copper conductors may be installed 
in a 4” wireway? 


What size wireway is required for four #500 kcmil RH conduc- 
tors and four #300 THW copper conductors? 


2 


WIRING METHODS 


CHAPTER 


AND DESIGN 


Wiring systems are used in all types of public and private buildings. 
Often they are exposed to diverse conditions such as moisture, 
vehicular traffic, and extremes of temperature. 

The NEC requires that all wiring systems be protected in accordance 
with applicable sections of the code. This protection covers the 
material installed, the buildings served, and the people who use the 
various appliances served by the wiring systems. 


INSTALLATION OF UNDERGROUND 
CIRCUITS — 300-5 


This section gives the rules for installation of under- 
ground circuits. Table 300-5 establishes the minimum 
burial depths for rigid metal conduit, intermediate 
metal conduit, rigid nonmetallic conduit, and direct 
burial cables (Figure 2-1). 


FINISHED GRADE 


= 
@ INTERMEDIATE METAL CONDUIT (IMC) 
@ RIGID METAL CONDUIT 


24” 


@ ELECTRICAL METALLIC TUBING (EMT) 
@ RIGID NONMETALLIC CONDUIT (PVC) 
© OTHER APPROVED RACEWAYS 


© DIRECT BURIAL CABLE 


Table 300-5 


Figure 2-1. Minimum burial depths for underground circuits. 
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Minimum Cover Requirements — 
300-5 (a) 

The minimum cover requirements (minimum depths) 
for underground circuits are: 


Rigid metal conduit 


Intermediate metal conduit ........... 6” 
Nonmetallic conduit or other 

approved raceways me n saree eer: 18 
Direct burial cable oleosa sae: 24” 


Several exceptions exist that reduce the depth re- 
quirements under certain conditions. 


Table 300-5. If a concrete pad 2” thick is poured over 
any underground circuit in a trench, the burial depths 
in Table 300-5 may be reduced by 6” (Figure 2-2). 


FINISHED GRADE 


= 


S&S DIRECT BURIED CABLE 


OR CONDUIT 


Table 300-5 


Figure 2-2. Burial depth may be reduced 6” if a concrete pad at 
least 2” thick protects the wiring method. Rigid metal conduit 
and IMC cannot be reduced. 
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Sidewalks or other concretes at grade level do not com- 
ply with this requirement. To comply, the concrete pad 
must be in the trench over the cable or raceway. NOTE: 
The depth may not be reduced more than 6”, regard- 
less of how thick the concrete may be. 

Raceways under concrete slabs at least 4” thick, or 
under buildings with a concrete covering at least 4” 
thick, are considered protected from digging (Figure 
2-3). They are not subject to the burial depth require- 
ments of Table 300-5. The concrete must extend at 
least 6” beyond the underground raceway system. 
This requirement applies to conduits or other race- 
ways. It does not apply to direct burial cable. 


4” OR THICKER 
CONCRETE SLAB 


PAY ge Da 
RACEWAY e 6” p 


Table 300-5 


Figure 2-3. Raceways protected by concrete slabs 4” thick or 
more are not subject to the burial depth requirements of Table 
300-5. 


Where there is vehicular traffic (for example, on 
public roads, commercial parking lots, gas stations, 
and so forth), the minimum burial depth is 24” (Fig- 
ure 2-4). No exceptions can be applied to reduce the 
24” depth. 


PUBLIC ROAD 


Table 300-5 


Figure 2-4. All wiring methods under heavy vehicular traffic must 
be buried at least 24”. 


Burial depth for residential branch circuits of 20 
amps or less and 120 volts or less with GFCI protec- 
tion may be reduced to 12” (for cables or nonmetallic 
conduit) (Figure 2-5). 


FINISHED GRADE 


mE sl 


= 


DIRECT BURIAL CABLE = 


Table 300-5 


Figure 2-5. Residential branch circuits of 20 amps or less and 
120 volts or less shall be buried at least 12” below grade, and 
protected by a GFCI circuit. 


Depth requirements may be reduced when cables 
or conductors rise for termination or splices or when 
other access is required (Figure 2-6). 


THIS DEPTH MAY BE JUNCTION BOX 


BE REDUCED 


FINISHED GRADE 


RACEWAY 
Table 300-5 


Figure 2-6. Burial depth may be reduced where cables and con- 
ductors in raceways or conduit rise to junction boxes or other 
equipment. 


In airport runways and adjacent areas where tres- 
passing is prohibited, burial depth for cables without 
raceway or concrete encasement may be reduced to 
18” (Figure 2-7). 


waver | 


BP ie ae ven bet Hae ate 
18” MINIMUM 
£ a b 


Table 300-5 


Figure 2-7. The minimum burial depth for all wiring methods 
beneath airport runways is 18”. 


Raceways installed in solid rock may be buried at 
a lesser depth if enclosed by concrete at least 2” thick 
(Figure 2-8). 


RACEWAY IN 2” CONCRETE 
ENCASEMENT 


mer 
Terk 
TAS HS 
OEE 


pA 
Ory TAa 


SOLID ROCK 


Table 300-5 


Figure 2-8. Burial depth may be reduced when a minimum of 2” of 
concrete completely encloses a raceway in solid rock. 


If control circuits for irrigation and landscape light- 
ing systems operate at 30 volts or less, they may be 
buried at a depth of 6” (Figure 2-9). NOTE: Low- 
voltage, high-impedance transformers will limit the 
fault-current to a safe value. 


FINISHED GRADE 
SPRINKLER HEAD 


LIGHTS 


DIRECT BURIAL CABLE 
WATER PIPE 


Table 300-5 


Figure 2-9. The minimum burial depth for cables supplying out- 
door lighting and controls for sprinkler heads of 30 volts or less is 


Grounding — 300-5 (b) 

Metal conduit, metal sheath, or electrostatic shielding 
must be effectively grounded at all termination points 
by a solid connection to a metal enclosure. Grounding 
may be by a bonding jumper or other approved means 
to limit the voltage to ground and facilitate operation 
of the overcurrent protection devices for safety 
(Figure 2-10). 
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JUNCTION BOX 


GROUNDED AND 
BONDED CONNECTION 


FINISHED GRADE 


RACEWAY 


300-5(b) 


Figure 2-10. Metal wiring systems must be grounded and bonded 
at all junction boxes and termination points. 


Underground Cables under Buildings 
— 300-5 (c) 

Cables under a building must be installed in conduit 
or a raceway system. The conduit must extend a 


suitable distance beyond the outer walls of the 
building (Figure 2-11). 


FINISHED GRADE 


CABLE 


300-5(c) 


Figure 2-11. Underground cables beneath a building must be 
installed in conduit extending beyond the outer walls. 


Protection from Damage — 300-5 (d) 


Conductors coming out of the ground and running up 
a pole must be protected 18” below the grade line up 
to 8’ above the finished grade wherever they are ex- 
posed to physical damage. They may be installed in 
rigid metal conduit, IMC, or PVC Schedule 80 (Figure 
2-12). Where the raceway system is installed on a 
pole or building and is not subject to physical damage, 
EMT or PVC Schedule 40 may be used. NOTE: Any 
raceway equivalent to the requirement may be used. 
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POLE 
“4 CONDUCTORS 


COVER 
ee 


DEPTH PER 
TABLE 300-5 
AND EXCEPTIONS 


FINISHED GRADE 


CONDUIT 


300-5(d) 


Figure 2-12. Underground conductors attached to a pole must 
be enclosed by rigid metal conduit, IMC, or Schedule 80 PVC 
to prevent damage. The minimum depth for the 90 ° bend is 18” 
below finished grade. 


Splices and Taps — 300-5 (e) 


Splices and taps are permitted in the trench without a 
box if approved materials and methods are used 
(Figure 2-13). 


FINISHED GRADE 


SPLICED CONDUCTORS 


300-5(e) 


Figure 2-13. When approved materials and methods are used, 
spliced and tapped conductors in cable are permitted without a 
box in the trench. 


Backfill — 300-5 (f) 
Care must be taken when backfilling to avoid damage 
to conduit or approved cables. Heavy rocks or any 
sharp or corrosive materials must not be used if there 
is a possibility of damaging such underground systems. 
Where necessary, running boards, sleeves, or some 
form of granular or selected material must be used to 
prevent damage to conduit or cable (Figure 2-14). 


BACKFILL 


AW 


Wy 


VEA 


CONDUIT OR CABLE 


300-5(f) 


Figure 2-14. Conduit or cables installed beneath heavy rock or 
sharp objects must be protected. 


Seals for Raceway — 300-5 (g9) 

A seal or plug must be used at either or both ends of a 
raceway or conduit to prevent moisture from contact- 
ing live parts (Figure 2-15). 


CABLE IN RACEWAY 


300-5(g) 


Figure 2-15. Seals or plugs prevent moisture from entering a race- 
way system. They may be installed at either end of the raceway. 


Bushing — 300-5 (h) 


A bushing or terminal fitting must be used on the end 
of conduit where direct burial cables leave the conduit. 
A seal may be used instead if it provides the same pro- 
tection as a bushing (Figure 2-16). 


EQUIPMENT 


FINISHED GRADE 


UNDERGROUND 
CONDUIT 


x CABLE 


BUSHING 


300-5(h) 


Figure 2-16. Bushings protect the cable where it leaves an under- 


ground conduit. 


Single Conductors — 300-5 (i) 


All conductors of a circuit must occupy the same con- 
duit or raceway (Figure 2-17). When single-conduc- 
tor cables are used, they must be grouped together. 
All conductors must be suitable for wet locations. 
Note 8(a) of Notes to Ampacity Tables of 0 to 2000 
Volts requires conductors to be derated when the 
multiple-conductor makeup of the circuit is installed 
in parallel and laid in the same trench. NOTE: The 
neutral and equipment grounding conductors must be 
installed in the same raceway as phase conductors 
per 300-3(b). 


FINISHED GRADE 


CONDUIT CONDUCTORS 
©. < : 
~ a CABLES 


CONDUCTORS 


300-5(); 300-20 


Figure 2-17. Circuit conductors must be grouped together in 
conduit. Single-conductor cables must be grouped together. All 
conductors must be weatherproof. 


RACEWAYS EXPOSED TO 
DIFFERENT TEMPERATURES — 
300-7 


Raceways exposed to different temperatures may be 
subject to condensation or thermal expansion. Con- 
densation (collection of moisture) within the raceway 
can damage or short conductors. Thermal expansion 
(expansion caused by temperature increase) can force 
electrical components apart, causing loss of power or 
subsequent damage to components. 
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Sealing — 300-7 (a) 

Where portions of an interior raceway system are 
exposed to varying temperatures (as in refrigeration 
or cold-storage plants), circulation of air from warmer 
to colder sections through the raceway must be pre- 
vented. Otherwise, when warm air in the conduit 
circulates to meet cold air in the conduit, the warm air 
will condense. Accumulated moisture from conden- 
sation in the conduit could drain toward and contact 
live parts of equipment. To prevent this circulation of 
air, aseal must be installed where the raceway enters 
the colder area (Figure 2-18). 


WALL 
COLD SPACE 


300-7(a) 
Figure 2-18. Seals prevent water accumulation in a conduit that 
enters a cold space from a warm space. 


Expansion Joints — 300-7 (b) 

Raceways must have expansion joints where necessary 
to compensate for expansion and contraction, Ex- 
pansion joints allow movement of the conduit in the 
joint and relieve the strain on the connections. This 
rule should be applied when the conduit system is 
subject to wide temperature changes (Figure 2-19). 


EXPANSION JOINT CONDUIT 
eS) Ee ae: 


300-7(b) 


Figure 2-19. Expansion joints are used in conduit runs exposed to 
varying temperatures. 


Supports for Raceways—300-11(a) 


Support wires for suspended ceilings can be used to 
support raceways supplying equipment within or below 
the suspended ceiling. 


Supports for 
Class 2 Circuits—300-11(b), Ex. 2 


Class 2 circuits can be supported by raceways supply- 
ing power to A/C units, heating units, and other 
equipment. Plastic tie-wraps or other approved sup- 
ports may be utilized. 72E 
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3A LOAD 10 A LOAD 


UNLOADED 
RECEPTACLE 


A B 
DUPLEX RECEPTACLES 


BROKEN 
NEUTRAL 


3 A LOAD 10 A LOAD 


NEUTRAL 
CONDUCTOR 


300-13(b) 


PROBLEM: Find the changes in voltage values fora 
multiple-wire circuit when the neutral connection is 
loose or broken. 


E 
| 


STEP 1:R = 


120 volts 
3 amps 


STEP oR 


= 40 ohms (resistance for load A) 


120 volts 
10 amps 


STEP 3:Add resistance for both loads. 


40 ohms + 12 ohms = 52 ohms 


ISE 
STEP 4 IE 


= 12 ohms (resistance for load B) 


240 volts 
52 ohms 


STEP 5E =Rx| 


40 ohms x 4.6 amps = 184 volts (voltage for 
Phase A) 


STEP 6&:E=Rx|I 


12 ohms x 4.6 amps = 55.2 volts (voltage for 
Phase B) 


ANSWER: Voltage for Phase A is 184 volts, and 
voltage for Phase B is 55.2 volts. 


= 4.6 amps (amperage per phase) 


Figure 2-20. DO NOT USE DEVICES FOR NEUTRAL CONNECTIONS. A loose connection will change voltage values on each phase 
according to the loads. Neutral connections should be made with pigtails. 


MECHANICAL AND ELECTRICAL 
CONTINUITY OF CONDUCTORS — 
300-13 


Conductors must be in continuous lengths with no 
splices or taps permitted, whether they are in conduit 
or in a cable assembly. 


Splices — 300-13 (a) 

Splices are not permitted within conduit or tubing. 
Accessible splices are permitted in auxiliary gutters, 
wireways, and metal surface raceways. NOTE: Splices 
or taps must always be accessible for maintenance. 


Multiwire Circuits — 300-13 (b) 


The removal of a device must not break the continuity 
of the neutral conductor; that is, a device terminal 
may not be used as a means of continuation (Figure 
2-20). The ends of the neutral conductor must be 
permanently spliced. A pigtail is left to connect the 
device terminal so that the removal of the device will 
not break the continuity of the neutral conductor. 
This wiring method will prevent a person removing a 
device from getting in series with the load. NOTE: 
This rule applies only to multiwire circuits. It does 
not apply to two-wire circuits, where a broken neutral 
conductor would stop the power only beyond the bro- 


ken connection. See 210-4, parts A, B, and C for re- 
quirements of multiwire circuits. 


BOXES OR FITTINGS — 300-15 


Boxes or fittings must be provided throughout the 
wiring system as necessary for taps, splices, or con- 
nections. All boxes and fittings must be installed in 
compliance with applicable sections of the NEC. 


Box or Fitting — 300-15 (a) 


A box or fitting must be provided at each junction, 
splice, outlet, switch point, pull point, or connection 
in conduit and raceway systems (Figure 2-21). 


BOX 


AC CABLE 
(BX) 


CONDUIT 300-15(a) 


Figure 2-21. A box (or fitting) is required at each splice, tap, or 
switch point. 


Box Only — 300-15 (b) 


A box must be provided at each junction, splice, 
outlet, switch point, or pull point in all types of cable. 
Where the wiring system is changed from one wiring 


method to another, such as from cable to conduit or 
EMT, a box must be provided to make this transition. 
Exception 1 requires a fitting for protection of a 
cable entering or exiting a conduit system. 
Exception 2 refers to 336-16, which allows installa- 
tion of switches, receptacles, or tapped devices made 
of insulating material without the use of outlet boxes. 
Exception 4 permits splicing MI and MSC cables for 
straight-through runs with no boxes. 


Installing Raceways—300-18 


Raceways shall be installed between outlets, junction 
boxes, splicing points, and other electrical equipment 
before pulling the conductors. See exceptions 1,2, and 3. 


CONDUCTORS IN VERTICAL 
RACEWAYS—300-19 


Conductors in vertical raceways require support to 
prevent strain at lugs and terminations. A cable 
support must be located at the top of a vertical 
raceway and at additional intervals as given in 
Table 300-19(a). For example, a #2/0 copper conduc- 
tor must have supports at intervals not exceeding 
80’. These supports are in addition to the top sup- 
port required. 

Vertical conductors are supported by insulating 
wedges inserted in the end of the conduit, by in- 
sulated supports, or by deflecting the cables over 
90° and running them horizontally not less than 
twice the diameter of the cable. See Figure 2-22. 
Methods of equal effectiveness may also be utilized 
with permission of the authority having 
jurisdiction. 


CURRENTSIN METAL ENCLOSURE 
RACEWAYS — 300-20 


Heating effects from induction heating can be a 
serious problem in large commercial and industrial 
systems where conductors are installed in raceways 
containing circuit conductors that are heavily loaded. 
To help solve this problem, conductors of a wiring 
system should be grouped together rather than split 
up. 

All AC conductors run in a metal conduit or raceway 
are required to be grouped together in the same race- 
way to prevent induced currents in the conduit. When 
alternating currents flow in a conductor, a varying 
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Tas 


INSULATED INSULATED NOT LESS 
WEDGE SUPPORTS THAN 90° 
300-19(b)1) 300-19(b)(2) BENDS 
300-19(bX3) 
300-19(b) 


Figure 2-22. Methods of supporting conductors in vertical runs 
per 300-19(b). 


magnetic field is set up around the conductor. The 
magnetic field sets up induced currents in the metal 
of the conduit surrounding the conductor, and these 
currents cause the metal to heat. 

The heating of the metal can melt the insulation of 
the conductor, causing a short. If all the conductors of 
a circuit are grouped together in the same conduit or 
raceway, the magnetic field of one conductor will 
neutralize the fields of other conductors. The currents 
will be in opposite directions; therefore, there will be 
no magnetic field and no induced currents in the 
conduit or raceway. 

If nonmetallic conduit (PVC) is installed, the con- 
ductor may be installed in single runs or pulled in 
groups. In nonconductive material, no induced cur- 
rents are set up in the conduit or raceway. Where a 
single conductor passes through a hole in any magnetic 
material, such as a wall of a box or an enclosure, 
heating in the steel can be caused by hysteresis (the 
magnetic domains reversing and lining up as a result 
of the alternating current). This heating can be avoid- 
ed by cutting slots in the metal between the in- 
dividual holes. The slots will break the magnetic path 
in the steel, which forms a magnetic core. 

If possible, conductors should be grouped and 
should enter together through one hole to avoid 
hysteresis (Figure 2-23). 


CABINETS AND CUTOUTS — 373 


A cabinet usually has a flat, hinged door. Cabinets 
can be mounted flush or surface. A lighting or power 
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HEAT BUILD-UP IN THE ENCLOSURE 
WALL 


CONDUIT 
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ENCLOSURE a, 1 


CONDUCTORS 


ASLOT CUT BETWEEN THE TWO 
HOLES WILL ELIMINATE HEAT 
BUILD-UP IN THE ENCLOSURE WALL 


CONDUIT 


GROUPED CONDUCTORS WILL 
ELIMINATE HEAT BUILD-UP 


300-20; 300-5(i) 


Figure 2-23. AC conductors should be grouped together to minimize 
magnetic fields. 


panel is an example of a cabinet (Figure 2-24). 

A cutout box is an enclosure with a swinging door. 
The door is hinged with a flange that telescopes with 
the side of the box. Cutout boxes are designed for 
surface mounting. The enclosure for a disconnect 


(knife switch) is an example of a cutout box (Figure 
2-24). 


CUTOUT BOX 


CABINET 


373-1 


Figure 2-24. Typical cutout box and cabinet. 


Damp or Wet Locations — 373-2 


Cabinets and cutout boxes installed in wet locations 
must be waterproof. At least 4”’ space must be allowed 
between the enclosure and wall. The 4” space pre- 
vents corrosion resulting from moisture and conden- 
sation (Figure 2-25). In damp locations, the enclosure 


does not have to be waterproof but must be installed 
to prevent water accumulation. 


WALL 


CABINET 


Figure 2-25. Allow 1⁄4” space between enclosure and wall for 
surface-mounted cutout boxes and cabinets in wet or damp 
locations. 


Position in Wall — 373-3 


The front edge of cabinets recessed in walls of com- 
bustible material, such as wood or wood lath, must be 
mounted flush or project from the wall surface. For 
walls of noncombustible material, such as concrete or 
brick, the cabinet enclosure may be set back from the 
wall surface no more than ',”’ (Figure 2-26). 


CONCRETE WALL COMBUSTIBLE WALL 


FLUSH-MOUNTED 


<— 1/4" MAXIMUM ENCLOSURE 


CONDUIT ROMEX 
373-3 


Figure 2-26. Mounting enclosures in walls. 


Unused Openings — 373-4 


Unused openings are not permitted. Knockout seals 
or plugs must be substantially similar to the enclosure 


wall. If a nonmetallic box or cabinet is installed, and 
metal is used for closing an opening, the metal plug 
must be recessed at least 4” (Figure 2-27). 


© | CABINET 
ac KNOCKOUT SEAL 


373-4 


Figure 2-27. Unused enclosure openings are closed with knock- 
out seals equivalent to the enclosure’s wall thickness. 


Deflection of Conductors — 373-6 


Cabinet manufacturers must provide space between 
the terminating lugs of the panel and enclosure walls 
to avoid sharp bends in conductors entering the 
cabinet. Sharp bends can damage and weaken in- 
sulation. 


Width of Wiring Gutters — 373-6(a). The conductor 
does not leave the wall opposite its terminals. Instead, 
the conductor leaves the enclosure at right angles to 
the wall opposite the terminal lugs (Figure 2-28). In 
all cases the termination will be a 90° bend (angle 
bend), which is known as an L-bend. For this type of 
bend, the distance from the wall to the terminal lugs 
must comply with Table 373-6(a), which requires a 
lesser distance than for a Z-bend or S-bend. 


CABINET 
N 


TERMINAL LUGS 


L-BEND 


CONDUCTORS 


373-6(a) 


Figure 2-28. Conductors entering a cabinet from a cabinet wall 
not opposite to the terminal lugs. 
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Wire. Bending Space at Terminals — 373-6(b). 
Table 373-6(b) requires greater distances than those 
required by Table 373-6(a), as the conductor enters 
the enclosure opposite its terminal lugs. This termin- 
ation is more difficult, since the conductor must make 
an offset to align with the terminal and raceway. S- 
bends or Z-bends are used to make the offset. More 
wire bending space is required for larger conductors 
because of their stiffness (Figure 2-29). 


CABINET 
TERMINAL LUGS 
Ses S-BEND 
RACEWAY OR 
Z-BEND 
373-6(b) 


Figure 2-29. Conductors entering a cabinet from a cabinet wall 
opposite to the terminal lugs. 


Insulated Bushings — 373-6(c). Bushings must be 
used to protect #4 conductors (and larger) where 
they enter cabinets, boxes, or auxiliary gutters through 
raceways. Bushings aid in preventing cuts and nicks 
of conductors and their insulation. Insulated bushings 
must have a temperature rating not less than the 
conductor insulation rating (Figure 2-30). 
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373-6(c) 


Figure 2-30. Bushings are required for #4 or larger conductors 
entering an enclosure. 


Enclosures for Switches or Overcurrent 
Devices — 373-8 


Generally, these enclosures are designed to accom- 
modate only those conductors intended to be con- 
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nected to the terminal lugs within the enclosure. They 
are not to be used as junction boxes, auxiliary gutters, 
or raceways for splicing and tapping. Foreign feed 
through circuit conductors is permitted only when 
the enclosure’s side gutter space is adequately sized 
for such installations (Figure 2-31). The exception 
allows splices and taps to be made in the enclosure, 
providing there is enough free space in the gutter to 
accommodate conductors and splices. 


BUSHING ENCLOSURE 


ENCLOSURE 
FEED-THROUGH 


CONDUCTORS 
SIDE GUTTER SN 


BUSHING 


RACEWAY 


373-8 


Figure 2-31. Auxiliary wires should not feed through an enclosure 
not designed for that purpose. Use a gutter for feed-through 
conductors. 


The allowable fill is specified as 40% for conductor 
space and 75% for splices and taps atone cross section. 
This applies within the box, excluding the switch or 
overcurrent device. For example, if an enclosure has a 
4” x 4” gutter space, the cross-sectional free space 
area is 16 sq. in. The total free space for splicing 
would be 75% of this area, or 12 sq. in. (Figure 2-32). 


PANEL ENCLOSURE 
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GUTTER SPACE 


SPLICED 
CONDUCTORS 
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Figure 2-32. An enclosure designed for feed-through conductors 
allows 40% conductor space and 75% space for splices and taps at 
any one cross-sectional area of the gutter space. 


SWITCHES — 380 


Switches are used to control wiring systems. They 
provide easy access to complete circuits for energizing 


electrical equipment. A variety of types and styles is 
available to meet varied requirements. Switches are 
designed so that they are ON when in an up position. 


Where Applicable — 380-1 


All provisions of this article apply to all switches and 
circuit breakers used as switches. 


Switch Connections — 380-2 


The neutral conductor may be disconnected only if all 
the conductors of the circuit are disconnected simul- 
taneously. This includes the hot ungrounded con- 
ductors with the grounded neutral conductor of the 
circuit served. 


Three-Way and Four-Way Switches — 380-2(a). 
Three-way and four-way switches must be wired to 
switch the ungrounded conductor only. A single con- 
ductor must not be run from the switch to the fixture 
(switch leg). The conductor of the other side of the 
circuit must be run with the switched conductor to 
prevent induced currents. (Induced currents are a 
problem where rigid conduit, EMT, or BX is the 
wiring method used.) Since current in one conductor 
is equal to and opposite in direction to current in the 
other conductor, the inductive effect is cancelled. 

A switch conductor run in conduit must have the 
return conductor run in the same conduit. Travelers 
for three-way and four-way switches can be run alone 
in conduit or any metal wiring system. The grounded 
conductor (neutral) does not have to be run with the 
travelers. With both polarities in the same enclosure 
or raceway, the inductive heating effect is minimized 
(Figure 2-33). 
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Figure 2-33. Conductors must be in the same conduit or enclosure 
for three-way and four-way switches. NOTE: The neutral does not 
have to be routed with switch loops. 


Grounded Conductors — 380-2(b). The grounded 
conductor (neutral) must not be switched unless all 
conductors of the circuit are switched and disconnected 
simultaneously, or unless the grounded conductor is 
arranged so that it cannot be disconnected until all 
ungrounded conductors of the circuit have been dis- 
connected (Figure 2-34). 
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Figure 2-34. Switching arrangements involving the grounded 
neutral conductor. 


Enclosures — 380-3 


Generally, enclosed switches are required to minimize 
fire hazards and protect switch components from 
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mechanical abuse. Enclosed switches also protect 
people from electrical shock. 

Enclosures for switches must provide adequate 
wire bending space at terminals and side gutters 
(Figure 2-35). The wire bending space at side gutters 
must conform to Table 373-6(a). Wire bending space 
at the line and load terminal connections must conform 
to Table 373-6(b) for S- or Z-bends. This rule applies 
to all switches. 


THREE #600 KCMIL 
8” MINIMUM 


FIXED LUGS 15” MINIMUM 
REMOVABLE LUGS 12” MINIMUM 


TWO #600 KCMIL 


L-BENDS S-BENDS (OR Z-BENDS) 


Tables 373-6(a, b) 


Figure 2-35. Wire bending space at terminals and side gutters in 
switch enclosures. 


Wet Locations — 380-4 


In wet locations, weatherproof enclosures are required 
for switches. A %’’ space must be provided between 
the enclosure and the wall (Figure 2-36). 


AT LEAST 1/4” SPACING —, fe 


WEATHERPROOF 
ENCLOSURE 


380-4 


Figure 2-36. Switches and circuit breakers must have weather- 
proof enclosures. They must be installed at least 1⁄4” from the wall 
in wet locations. 


Position of Knife Switches — 380-6 


Single-throw knife switches must be mounted in a 
position where gravity will not tend to close the switch 
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Figure 2-37. Installing single-throw and double-throw knife 
switches. 


blades. However, this rule does not apply to double- 
throw switches (Figure 2-37). 


Single-throw Switch — 380-6(a). Single-throw 
switches must be mounted vertically (except under 
certain special conditions when they may be mounted 
horizontally). Single-throw knife switches must be 
mounted with the hinge end down. This prevents 
gravity from closing the blades and bridging the 
contacts. 


Double-throw Switch — 380-6(b). Double-throw 
switches may be mounted vertically or horizontally. 
When they are mounted vertically, a locking device 
must be provided to lock the switch in the open 
position, preventing gravity from closing the blades. 


Indicating — 380-7 
Switches must be mounted to clearly indicate whether 
they are in the ON or OFF position. 


Accessibility and Grouping — 380-8 


Switches and circuit breakers must be readily 
accessible. The mounting height must be limited, and 
clearance in front of the switch or circuit breaker 
must be provided. 


Location — 380-8(a). Switches and circuit breakers 
must be easily accessible. It should not be necessary 
to climb over obstacles or remove them in order to 
reach switches and circuit breakers. Overcurrent 
devices must be accessible without the help of ladders 
or chairs. Operating handles of switches and circuit 
breakers must be mounted not more than 6’-6” above 
finished floors (Figure 2-38). 
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Figure 2-38. Switches and circuit breakers must be accessible. 


Exception No. 1. Fused disconnect switches and 
circuit breakers may be mounted at the same level as 
busways if a suitable means is provided to disconnect 
the switch or circuit breaker from the floor (Figure 
2-39). 
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Figure 2-39. Fused switches or circuit breakers may be mounted 
at the same level as busways if means of operation is accessible 
from the floor. 


Exception No. 2. Motors, appliances, and other equip- 
ment mounted higher than 6-6” from the floor may 
have the switch or circuit breaker mounted adjacent 
to the equipment. It must, however, be accessible by 
a ladder or other suitable means (Figure 2-40). 


Exception No. 3. Hookstick-operated switches are 
permitted at heights of 6’-6’’ and more above the 
floor. 


MOTOR 


SWITCH MORE THAN 
6'-6" FROM FLOOR 


HOOKSTICK 


380-8(a), Ex. 2,3 


Figure 2-40. Switches for motors or appliances more than 6’6”’ 
from the floor must be accessible by a portable ladder or hookstick. 


Voltage between Adjacent Switches — 380-8(b). 
If voltage between adjacent switches does not exceed 
300 volts, the switches can be grouped (ganged) inthe 
same outlet box. If voltage exceeds 300 volts, barriers 
must be provided between the switches, or switches 
must be mounted in separate outlet boxes (Figure 
2-41). 


380-8(b) 


Figure 2-41. Switches may be grouped in the same box if voltage 
does not exceed 300 volts. Use barriers if voltage exceeds 300 
volts. 
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Faceplates for Flush-mounted Snap 
Switches — 380-9 


Faceplates must completely cover the wall opening 
and be set flat against the wall to prevent electrical 
shock. 

At one time, metal boxes were installed, using an 
ungrounded branch circuit. Section 380-9 requires 
that anonmetallic faceplate be used on an ungrounded 
box if the faceplate can be reached by a person 
standing on a conductive floor or near other conduc- 
tive items such as water pipes or lighting fixtures 
(Figure 2-42). 

If faceplates are not within reach of a person stand- 
ing on a conductive floor or near other conductive 
items, metal faceplates may be used. Also, if boxes 
are supplied by grounded branch circuits, metal face- 
plates may be used. The metal faceplate must be 
grounded through the faceplate screws and metal 
yoke (mounting strap). Section 370-4 requires that 
all metal boxes be grounded. 
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Figure 2-42. Nonmetallic faceplates must be used if the face- 
plates are within reach from a grounded surface. 


Grounding of Enclosures — 380-12 


This section requires grounding of all systems over 
150 volts to ground according to the provisions of 
250-42. Section 250-42 requires all exposed metal 
parts of enclosures for fixed equipment to be grounded 
under any of the described conditions (Figure 2-43). 
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Figure 2-43. Enclosures for switches or circuit breakers must be 
grounded. 


Rating and Use of Snap Switches — 
380-14 


This section lists requirements for tumbler and toggle 
switches. There are two types of snap switches: AC 
general-use and AC-DC general-use. Snap switches 
must be used within their ratings (Figure 2-44). 


AC MOTOR-RATED 


AC GENERAL-USE GENERAL-USE 
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AC-DC GENERAL-USE GENERAL-USE 
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Figure 2-44. Snap switches must be installed to comply with their 
amperage and voltage ratings. 


AC General-Use Snap Switch — 380-14(a). An 
AC general-use switch may be used to control resistive 
loads (incandescent lights). The switch rating must 
be at least equal to the load it controls. 

When controlling motor loads, the switch must be 
at least 125% of the full-load current of the motor or 
no more than 80% of the switch rating. 


AC-DC General-Use Snap Switch — 380-14(b). 
An AC-DC switch may be used to control resistive 
loads. When controlling incandescent lighting, the 
switch must be a T-rated type. For other types of 
resistive loads, the switch need not be T-rated. The 
switch rating must be equal to the amperage of the 
load controlled. 

The rating of an AC-DC switch must be twice the 
amperage of the inductive load at 50% of the amperage 
rating of the switch at the applied voltage. An AC-DC 
switch must not be used to control motor loads. See 
Section 430-83, Ex. 1. 


SWITCHBOARDS AND 
PANELBOARDS — 384 


Switchboards are designed with busbars for fuse- 
holders or circuit breakers to supply power distri- 
bution via branch circuits and feeder circuits. Panel- 
boards include a permanently installed main circuit 
breaker or single set of fuses for disconnecting the 
number of fuseholders or circuit breakers used to 
protect and supply feeders or branch circuits. 


Supports and Arrangement of Busbars 
and Conductors — 384-3 


Busbars must be securely supported in the enclosure 
and arranged in a way that allows conductors to be 
terminated with adequate space. Conductors will not 
be pinched or cut when the cover assembly is placed 
on the enclosure if they are arranged so that their 
position is permanent without the cover holding them 
in place. 


Installation — 384-3(a). Conductors and busbars 
must be fastened, located, and installed in a way that 
protects them from damage. 


Inductive Effect — 384-3(b). When alternating 
current flows in a busbar or conductor, a current will 
flow in nearby metal because of induction. When all 
conductors are grouped together, the inductive effect 
of each conductor is neutralized (Figure 2-45). 


Service Equipment — 384-3(c). Panelboards or 
switchboards used for service equipment must have a 


grounding bar bonded to the casing of the panel or 
switchboard frame (Figure 2-46). See 250-79(c). 

The main bonding jumper can be placed in the 
panelboard or any section of a switchboard to connect 
the grounded service conductor on the supply side to 
the switchboard or panelboard frame. See 250-79(d) 
for sizing the main bonding jumper. 


High-leg Marking — 384-3(e). When a three-phase, 
delta-connected system is used, and a midpoint 
neutral tap of one of the transformers is brought along 
with the phase conductors, the voltage to the grounded 
neutral will be higher than that of the other two 
phases to ground. 

For example, on a delta-connected, 240-volt, three- 
phase, four-wire supply, the higher voltage to ground 
must be marked (by orange tape or tagged according 
to 215-8), and the higher voltage to ground must be 
Phase B. This identification of the higher voltage to 
ground (referred to as the high leg, stinger leg, wild leg, 

_or red leg in the trade) prevents an installer from 
connecting a 120-volt load to the 208-volts obtained 
from the high leg. In other words, 240-volt loads can 
be derived from Phases A to B, A to C, or B to C. 
However, if a mid-tap grounded neutral conductor is 
derived from the secondary of one of the transformers 
— for example, between Phases A and C — the volt- 
age will be 120 volts between Phase A to neutral and 
Phase C to neutral, but 208 volts from Phase B to 
neutral (Figure 2-47). 
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Figure 2-45. Grouped busbars and conductors neutralize the in- 
ductive effect. 
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Figure 2-46. Switchboard and panelboard casings must be bond- 
ed to the grounding bar. 
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NOTE: The high leg must be connected to Phase B 
on three-phase buses except for utility meters, where 
the high leg Phase B will become Phase C for metering 
purposes. If the metering conductors are derived 
from a CT (current transformer) enclosure and a 
remote meter is set, then the high leg will be Phase B 
in the CT can (Figure 2-48). 
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Figure 2-47. Method of finding and marking the higher voltage 
to ground. The high-leg conductor is known as the high leg, wild 
leg, stinger leg, or red leg. It is equal to 1.732 times the phase-to- 
neutral voltage of either of the other two phases. 
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Figure 2-48. The high leg is connected to the right terminal Phase 
C on the meter base and the center Phase B on the CT (current 
transformer) enclosure. 
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Phase Arrangements — 384-3(f). Busbars in panels 
or switchboards are required to have phases in se- 
quence so that the installer can have the same fixed 
arrangement of Phases A, B, and C in each termination 
point in the panels and switchboards. Conductors are 
marked so that the rotation, or phase sequence, can 
be accomplished. 

Although the NEC no longer requires color coding, 
usually Phase A is marked black, Phase B red, and 
Phase C blue for 600 volts or less. For over 600 volts, 
the BOY method is used: brown for Phase A, orange 
for Phase B, and yellow for Phase C. 

NOTE: This is good design but it is no longer 
required by the NEC. The phase arrangement of 
buses is A, B, and C from front to back, top to bottom, 
or left to right as viewed from the front of the 
panelboard or switchboard (Figure 2-49). 

The exception permits the higher voltage (high 
leg) to ground within the same switchboard or 
panelboard to have the same phase configuration as 
the meter equipment. The exception applies to each 
vertical section. 
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Figure 2-49. Switchboards and panelboards should have a fixed- 
phase sequence for busbars. 


Wire Bending Space — 384-3(g). The minimum 
wire bending space required by 373-6 must be pro- 
vided in panelboards and switchboards. 


Installation — 384-4 


Switchboards are not intended to be installed in 
cabinets. In most cases they are positioned on the 
floor with accessibility from both the front and rear 
for service and maintenance. Panelboards are in- 
tended to be mounted in a cabinet or cutout box 
installed on the wall or placed in a partition. They are 
used to control and protect circuits of small capacity. 

No foreign piping or ducts are permitted in the same 
room or dedicated space with switchboards. Pipes, 
ducts, etc., should be kept clear of all circuits and 


switchboards since leakage of water or condensation 
could damage equipment. The dedicated space shall 
include the space in 110-16 and the space extending 
25’-0” from the floor to the structural ceiling. Any 
space above 25’-0” is not considered dedicated space. 
The exception permits pipes or ducts used for heating, 
cooling, or ventilating the same room (Figure 2-50). 
NOTE: Sprinkler protection is not prohibited nor is 
a dedicated room required. See NFPA 13, Section 
4-4.14. 
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Figure 2-50. Foreign ducts or piping are not permitted above 
panelboards or switchboards unless they are used for heating, cool- 
ing, or ventilating the room in which the boards are installed. 


SWITCHBOARDS—384, PART A 


Switchboards with exposed live parts must be in- 
stalled in dry locations accessible only to qualified 
persons. Switchboards of the total-enclosure type 
may be installed anywhere acceptable to the authority 
having jurisdiction. 


Clearance from Ceiling — 
384-8(a), Ex. 1 and 2 


Switchboards must be located in a way that prevents 
the possibility of fire resulting from heating or arcing 
caused by a short circuit. Where the ceiling is con- 
structed of wood, filler, or any type of material that 
will burn, a clearance of at least 3’ between the ceiling 
and top of the switchboard enclosure is required, 
unless a fireproof shield is provided above the switch- 


board or unless the switchboard is totally enclosed 
(Figure 2-51). 
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Figure 2-51. The switchboard must be located 3’ from com- 
bustible ceilings, or have a barrier, or be totally enclosed type. 


Clearance around Switchboards — 
384-8(b) 

Clearances according to 110-16 must be provided in 
front of switchboards. Refer to Table 110-16(a), Col- 
umn 1, “Voltage to Ground,’ and Column 2, Condition 
1, for 150 volts or less to ground. This table requires 
at least 3’ clearance in front of the switchboard for 
sufficient working space. The requirement applies 
where nonconductive material is on the wall opposite 
or in front of the switchboard. 


Clearance of Conductors Entering Bus 
Enclosures — 384-10 


Where conduit or other raceways enter a switchboard 
from a concrete floor through the bottom of the 
switchboard, the entering conduit or raceway, in- 
cluding fittings, must not rise to a height of more than 
3” above the bottom of the enclosure (Figure 2-52). 
The minimum space required between the bottom of 
the switchboard enclosure and busbars or other ob- 
structions is 8” for insulated busbars, their supports, 
or other obstructions, and 10” for uninsulated busbars. 


Grounding Switchboard Frames — 
384-11 


Switchboard frames and structures supporting 
switching equipment must be grounded. An exception 
exists for frames of DC single-polarity switchboards 
that are insulated. 


PANELBOARDS—384, PART B 


Panelboards must be rated equal to or higher than the 
minimum feeder capacity required for the load. If the 
computed load on the panelboard is 175 amps, the 
panel must be sized at a rating of at least 175 amps. 
The next standard size panelboard is rated 200 amps. 


Identifying Circuits —384-13 


All panelboards shall be provided with a circuit direc- 
tory located on the face or inside cover of the panel 
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SWITCHBOARD 


FITTINGS 


Ea 
Wi; 
CONDUIT 


384-10 


Figure 2-52. Conduit and fittings must not rise more than 3” 
above the enclosure bottom. 


door to identify the loads. Panelboards with modified 
circuits are required to be identified in the same man- 
ner. See 110-22 and 230-70). 


Lighting and Appliance Branch-Circuit 
Panelboard — 384-14 


A lighting and appliance branch-circuit panelboard 
has a solid neutral connection. More than 10% of its 
branch-circuit breakers or fuses are rated 30 amps or 
less (15, 20, 25, or 30 amps) with neutral connections 
provided (Figure 2-53). 


PANEL WITH 
MAIN CB 


384-14; 384-15 


PROBLEM: Determine whether this panelboardis a 
lighting and appliance branch-circuit panelboard. 


STEP 1:42 circuits x 10% = 4.2 poles 


STEP 2: This panel has seven breakers of 30 amps or 
less. 


STEP 3:More than 10% of the breakers are rated 30 
amps or less with neutral connections. 


ANSWER: This panelboard is a lighting and appliance 
panelboard. A main circuit breaker will be required to 
protect the busbars of the panel. 


Figure 2-53. Lighting and appliance branch-circuit panelboard. 
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Number of Overcurrent Devices on One 
Panelboard — 384-15 


Not more than forty-two overcurrent protection de- 
vices are permitted in a lighting and appliance branch- 
circuit panelboard. If all circuit breakers installed are 
single-pole, forty-two are permitted; if all are two- 
pole, twenty-one are permitted; if all are three-pole, 
fourteen are permitted. When more than 10% of the 
branch-circuit breakers or fuses are rated more than 
30 amps, the panelboard is a power panelboard, not a 
lighting and appliance branch-circuit panelboard. 

There is no limit to the number of overcurrent 
protection devices permitted in a power panelboard. 
One-pole circuit breakers are considered as one over- 
current device; two-pole circuit breakers as two over- 
current devices; and three-pole circuit breakers as 
three overcurrent devices (Figure 2-54). 


SP 


SINGLE-POLE TWO-POLE THREE-POLE 


384-15 


Figure 2-54. Count the number of poles on a unit to determine the 
number of circuit breakers. Single-pole counts as one circuit 
breaker, two-pole counts as two circuit breakers, and three-pole 
counts as three circuit breakers. 


Overcurrent Protection — 384-16 


All lighting and appliance branch-circuit panelboards 
must be provided with overcurrent protection to 
protect busbars supplying the connected loads. 


Individual Protection — 384-16(a). For the pro- 
tection of lighting and appliance branch-circuit panel- 
boards, the basic rule is that each panel be protected 
individually on the supply side by not more than two 
main circuit breakers or two sets of fuses having a 
combined rating not greater than the rating of the 
panelboard (Figure 2-55). When a lighting and 
appliance panelboard is protected by an overcurrent 
protection device on the feeder side not exceeding 
the panelboard rating, individual protection is not 
required at the panelboard (Figure 2-56). 


SINGLE MAIN IN PANEL TWO MAINS IN PANEL 


384-16 


Figure 2-55. Panelboards must be protected individually on the 
supply side by two or less overcurrent protection devices not 
exceeding the busbar rating. 


ANY DISTANCE 


MAIN 
BREAKER 


384-16(a) 


Figure 2-56. Locating the main overcurrent protection device. 


A 600-amp main may protect the busbars on two or 
four different panelboards, provided the feeder con- 
ductors and the busbars in each panel are rated 600 
amps or more (Figure 2-57). 


600 A MAIN ON SUPPLY SIDE 
OF FEEDER 


MAIN 
BREAKER 


600 A FEEDER 


CONDUCTORS JUNCTION BOX 


600 A BUSBARS IN PANELS 


384-16(a), Ex. 1 


Figure 2-57. Mains are not required on each panel when a 600- 
amp main is installed on the supply side ahead of the feeder 
conductors. 
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FUSE 
SNAP SWITCH 
384-16(b) 


Figure 2-58. Overcurrent protection must not exceed 200 amps 
for snap switches of 30 amps or less. 


Snap Switches of 30 Amps or Less — 384-16(b). 
Panelboards with snap switches rated 30 amps or less 
must be protected by circuit breakers or two sets of 
fuses not exceeding 200 amps in rating (Figure 2-58). 
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Continuous Load — 384-16(c). Continuous load 
exists when the load on a panelboard will continue for 
three hours or more in normal operation. When over- 
current protection devices serve continuous loads, the 
load on the feeder and branch circuit must be reduced 
to 80% of the OCPD rating (Figure 2-59). 


200 A MAIN 


NEUTRAL BUS 


200 A OCPD’S 


EXAMPLE 
METHOD 1: 200 A OCPD x 80% = 160A 


METHOD 2: 160 A LOAD x 125% = 200A 


210-22(c); 220-3(a); 220-10(b); 384-1 6(c) 


Figure 2-59. The total load must not exceed 80% of the over- 
current protection device unless approved for continuous duty. 


Panelboards Supplied through Transformers — 
384-16(d). When the secondary of a transformer 
supplies a lighting and appliance panelboard, the 
protection for the panelboard must be provided on 
the secondary side of the transformer (Figure 2-60). 


125% 

TAPS 

240-21(d)(j) 

OVERCURRENT \ 
PROTECTION ea Aue 
DEVICE = 
LIGHTING PANEL 
384-16(d) 


Figure 2-60. The overcurrent protection device must be installed 
either ahead of or in the panelboard on the secondary side of the 
transformer. 
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The exception permits a two-wire primary to a two- 
wire secondary to have the protection installed on the 
primary side only (Figure 2-61). See 450-3(b)(1). 


Delta Breakers — 384-16(e). The installation of 
delta breakers is no longer permitted in lighting and 
appliance panelboards. 


Back-Fed Devices—384-16(f). Plug-in type OCPDs or 
plug-in type main lug assemblies that are back-fed 
are required to be secured by additional fastening 
means other than the pull-to-release type. 


| OVERCURRENT 
ae PROTECTION 
DEVICE 
2W PRIMARY 
(240 V) 
TRANSFORMER 
BN a 


2W SECONDARY 
(120 V) 


200 A PANELBOARD 


EXAMPLE 
120 V 


240-3(i); 384-16(d), Ex.; 450-3(b)(1) 


Figure 2-61. For two-wire primaries and secondaries, the over- 
current protection device may be on the primary side. In this case, 
the primary overcurrent protection must not exceed the secondary- 
to-primary voltage ratio. 


Enclosures — 384-18 


Panelboards are mounted in cabinets, cutout boxes, 
or enclosures designed for their use. Dead front panel- 
boards are required unless access is restricted to 
qualified persons. 


Wire Bending Space in Panelboards — 
384-35 


Wire bending space in enclosures used for panel- 
boards must comply with the requirements of Tables 
373-6(a) and 373-6(b). 


Grounding of Panelboards— 384-20 


An equipment grounding terminal bar must be 
connected to all conductors used to ground the metal 
of equipment, junction boxes, and so forth. The 
equipment grounding bar ensures that equipment 
grounding conductors are properly terminated and 
bonded to the panel enclosure. 

Panelboard enclosures or cases must be grounded. 
When they are supplied by a metal conduit such as 


EMT, IMC, MC cable or BX, the metal of these 
wiring methods may be used for grounding. When a 
nonmetallic wiring method is used, such as Romex or 
PVC, an equipment grounding conductor must be 
carried along with the feeder. 

In service equipment, the equipment grounding 
conductor bar and the neutral bar must be bonded to 
the panelboard case (250-50) and connected to the 
grounding electrode system (250-81) by the grounding 
electrode conductor (Figure 2-62). In other than ser- 
vice equipment, the equipment grounding conductor 
bar and the neutral bar must not be connected and 
bonded together in the panel enclosure. The neutral 
must be isolated from the panel enclosure case back 
to the service equipment (Figure 2-63). Isolated equip- 
ment grounding conductors can pass through the panel 
per 250-74, Ex. 4. The terminal bar that is grounded 
can be used to terminate all neutrals and grounding 
conductors per 250-24(a). 


IMC, EMT, OR 
RIGID METAL CONDUIT 


250-50; 250-7%a); 250-91(b) 


Figure 2-62. Metal raceway such as rigid metal conduit, IMC, 
EMT, etc., may serve as the equipment grounding conductor. 


Exception. An isolated grounding conductor (250-74, 
Exception No. 4) may pass through the panelboard 
along with the circuit conductors for the purpose of 
reducing electromagnetic interference (electrical 
noise). Electronic equipment such as computers can 
be very sensitive to electrical noise and may mal- 
function. To reduce the problem of electrical noise, 
an isolated grounding conductor may be connected 
directly to the equipment grounding bar and neutral 
bar in the main service equipment (Figure 2-64). 


SUBFED 
PANEL ™ 


ISOLATED 
NEUTRAL 
BUSBAR 


GROUNDING BUSBAR BONDED 
TO CASE OF ENCLOSURE 


EQUIPMENT GROUNDING 
CONDUCTOR 


250-91(b) 
338-3(b) 
384-20 
250-24, Ex. 2 


Figure 2-63. The neutral busbar in subfed panels is isolated 
from the enclosure. The grounding busbar is bonded to the 
enclosure case. 


GROUNDING CONDUCTOR 


250-74, Ex. 4 
384-20, Ex. 


Figure 2-64. Anisolated grounding conductor may be run through 
a panel with circuit conductors to reduce electromagnetic inter- 
ference. The grounding conductor must be insulated. 


Two or More Buildings Supplied from a 
Single-Service Equipment— 250-24 
Section 384-20 describes how the grounded conductor 
and equipment grounding conductors are to be ter- 
minated when used in a feeder circuit to a subpanel 
located in a building supplied by service equipment 
in another building. 

A panelboard in a building served by a feeder run 
from another building 250-24(a), Ex. 2 may bond the 
grounded conductor (neutral) of the feeder to the 
equipment grounding bar in the panelboard. The 
grounded conductor (neutral) must be grounded at the 
building by a grounding electrode conductor carried 
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to the grounding electrode system (Figure 2-65). The 
grounded terminal bar can be used to terminate all 
neutrals and equipment grounding conductors per 
250-24. 

A panelboard in a building served by a feeder run 
from another building can have the grounded conduc- 
tor isolated in the panelboard with the equipment 
grounding conductor bonded to the metal frame of the 
panelboard. 


PANELBOARD 
LOCATED IN 
SEPARATE BUILDING 


BONDING JUMPER SOLID GROUNDED 


NEUTRAL BUSBAR 


EQUIPMENT 
GROUNDING BUSBAR 


250-24(a), Ex. 2 
384-20 


Figure 2-65. The equipment grounding busbar may be connected 
to the neutral busbar in a panel located in a separate building. 


Identifying Circuits—110-22; 384-13; 
230-70(b) 


All panelboard circuits and circuit modifications are 
required to be legibly identified as to which load they 
serve. A directory can be used to identify which load 
is served by which OCPD. The directory can be placed 
on the face or inside of the panel door (Figure 2-66). 


OCPD’S MARKED 
TO IDENTIFY 
LOADS 

SERVED 


PANEL WITH 


MAIN CB 
Agl 


MAIN OCPD 
230-70(b) 


110-22; 384-13 


Figure 2-66. OCPDs in panelboards are marked to identify the 
loads served. 
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Name 


True or False 


Date 


Circle T (true) or F (false) for each statement. Enter the NEC section number that supports your answer in the 


space provided. 


Section 
25 FH 1. 
Se¥-¥ TH 2 
a EX, te 
il YF 3 


F 


Foreign ducts and piping may be run above switchboards and panelboards. 


Switchboards and panelboards must be located in rooms or spaces dedicated 
exclusively to such equipment. 


Ducts and piping for ventilating, heating, or cooling equipment may occupy the 
same room or space if the various types of equipment serve the same electrical 
rooms or spaces. ; 


Conductors may travel horizontally through vertical sections of switchboards 


p where they are isolated from busbars by a barrier. 


The high leg of a three-phase, four-wire delta system may be marked orange and 
connected to Phase B to identify the higħer voltage to ground. 


All panelboards are required to be provided with a directory that identifies the 
loads each OCPD supplies. 


The grounded conductor does not have to be routed with the switching conduc- 
tors of a switch loop. 


The dedicated space above a switchboard shall extend at least 25’-0” or to the 


structural ceiling. 


_ 200-5 ar i2 


3P- OF 13. 


SONAE 14. 


Sprinkler heads cannot be installed in rooms used for service equipment. 


A space of 3’ or more must be provided between the top of a switchboard and 
a nonfireproof ceiling (general rule). 


The minimum clearance requirement between the top of a switchboard and a 
nonfireproof ceiling need not be met when a fireproof shield is provided 
between the switchboard and ceiling. 


The minimum burial depth for underground conduits is measured from the top 
of the conduit to the finished grade. 


A lighting and appliance panelboard has more than 10% of its overcurrent 
devices rated at 30 amps or less, for which neutral connections are provided. 


When the number of overcurrent devices in a panel is counted, a three-pole 
breaker is counted as three overcurrent devices. 


Any load to operate three hours or more is considered a continuous load and 
must be figured at 125%. 


Delta breakers are no longer permitted by the NEC to be installed in a single- 
phase, three-wire panel. 


Each lighting and appliance branch-circuit panelboard must be protected 
individually on the supply side by not more than two main circuit breakers or 
two sets of fuses having a combined rating not greater than that of the 
panelboard. 
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Design Problems 


Write the answer(s) to each question in the space provided below the question. Enter the NEC section 
number(s) that supports your answer(s) in the space provided at the left. 


Section 
TARTE pak 
710-4 (6 ; T , a 
eee Ade 1. What is the minimum burial depth for PVC conduit? 
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Ey ihe i se Fag 
” ble 500-3 2. What is the minimum burial depth for IMC conduit? 
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What is the minimum burial depth for rigid conduit? 


j ce ff 
a 
‘4 


J4 } Le ee on 
Tbh 300 -S 4. What is the minimum burial depth for cables? 


wet ’ Prd | eka oe ere EAN 


Tedd: eae a : RA A 
ANE > a 5. What is the minimum burial depth for raceways under throughways used by trucks? 
arm £ 4 
2Y 
la hk 300-5 6. What isthe minimum burial depth for wiring methods passing under airport runways? 
IB “ols EP m iW. depth tore All mE 
“p S é <_ 
la bie S0- S 7. May direct burial cables be installed under a building without a raceway? 
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CHAPTER 


DESIGN AND 
PROTECTION 


Conductors are the wires through which electricity moves from the 
power source to the load. A wide variety of sizes and insulation 
coverings is available. The conditions of use and area of installation 
determine which size and which type of insulation are appropriate. 

Overcurrent protection devices must be provided to protect con- 
ductors from short circuits or overloads. Flexible cords are used to 
connect electrical equipment such as appliances to the power source. 
Fixture wire, a highly insulated type of wire, is used to supply lighting 


fixtures. 


Allconductors, insulation, and overcurrent protection devices must 
be designated and installed according to latest provisions of the NEC 
to ensure safety and proper operation. 


OVERCURRENT PROTECTION 


This section sets the rules for sizing an overcurrent 
protection device to protect conductors and equip- 
ment (Figure 3-1). 


Scope — 240-1 

An overcurrent protection device is designed to keep 
the flow of current in a branch circuit or feeder circuit 
at a safe level to prevent the circuit conductors from 


EQUIPMENT WITH 16 A 
CONTINUOUS-DUTY 
LOAD 


20 A FUSE 


OR CB 
RACEWAY es 


CONDUCTORS 


240-1 


Figure 3-1. Overcurrent protection must be provided for con- 
ductors and equipment. 
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overheating. Flow of current in a circuit generates 
heat, which causes the temperature of the conductors 
to increase. When this heat exceeds the temperature 
rating of the insulation, it can damage the insulation, 
causing failure (Figure 3-2). 


20 A FUSE 


CONDUCTOR SHORTED 
TO CONDUIT 


240-1 


Figure 3-2. When heat exceeds the temperature rating of insulation, 
it can damage the insulation. 


When insulation is damaged, the bare conductor 
inside becomes exposed to surrounding material. If 
the bare conductor contacts metal, a short circuit 
occurs, generating high currents that could cause a 
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fire. The overcurrent protection device must be sized 
to trip and clear the circuit, preventing such a hazard 
(Figure 3-3). 


20 A FUSE 22 A LOAD 
OR CB TRIPS OCPD 


CONDUIT G 


240-1 


Figure 3-3. This overcurrent protection device (fuse or circuit 
breaker) will trip open at any amperage exceeding 20 amps. 


Tables 310-16 through 310-19 list the current- 
carrying capacity of copper and aluminum conductors, 
based on the temperature rating of the type of insu- 
lation used. Table 310-16 applies to conductors in a 
raceway or cable. Different ambient temperature 
ratings for each type of insulation are listed in the four 
columns of the table. For example, Column 1 lists 
60° C rated insulation (TW, etc.), and Column 2 lists 
75° C rated insulation (THWN, etc.). NOTE: Con- 
ductors with higher temperature ratings allow higher 
amperages than conductors with lower temperature 
ratings. 

Terminals on OCPD’s and equipment rated at 100 A or 
less are loaded by the 60° C column in Table 310-16 per 
110-14(c). Those marked with 60°/75° C can be loaded 
by the 75° C column. Those rated over 100 A are loaded 
by the 75° C column. See 110-14(c)(1)(2). 

The size of the overcurrent protection device for a 
branch circuit is determined by the amount of amper- 
age of the load it supplies. For noncontinuous loads, 
no derating factors are applied. For example, a 15- 
amp load requires a 15-amp fuse or circuit breaker. 
For continuous loads, the rating of the overcurrent 
protection device must be reduced to 80% to deter- 
mine the size fuse or circuit breaker required. Another 
method of derating the overcurrent protection device 
is to multiply the load served by 125%. Either method 
will size the overcurrent protection device for the 
load served (Figure 3-4). 

The current-carrying capacity of conductors is 
based on the number of conductors in a raceway or 
cable, the size of the conductors, the type of insulation, 
the ambient temperature where the conductor is in- 
stalled, and the load (Figure 3-5). When a conductor 
is installed for continuous use in an area where the 
temperature exceeds 30° C (86° F), the ampacity 
rating of the conductor must be reduced. 

When more than three current-carrying conductors 
are installed in a raceway or cable, derating factors 
must be applied according to the number of con- 
ductors and percentage applications of Note 8(a) of 


20 A FUSE 
OR CB a FIXTURES PULLING 16 A 


60°/ 75° C 


210-22(c); 220-3(a); 220-10(b); 240-3 
Note 8(a) of Notes to Ampacity Tables of D to 2000 Volts 


PROBLEM: What size overcurrent protection device 
is required for the fixtures? 


METHOD 1 


STEP 1: Note 8(a) of Notes to Ampacity Tables of 
0 to 2000 Volts, and 210-22(c). 
20 amps x 80% = 16 amps 


ANSWER: A 20-amp circuit breaker is required. 


METHOD 2 

STEP 1: 220-3(a). 
16 amps x 125% = 20 amps 

ANSWER: A 20-amp circuit breaker is required. 


Figure 3-4. A 20-amp circuit breaker will carry a 16-amp load. 


SWITCHBOARD LOAD 


SERVICE 
60°/ 75° C 


RACEWAY 


THREE #6 THWN 

COPPER 

CONDUCTORS 

OCPD 
60°/ 75° C 
Derating and 
Correction Factors 
to Table 310-16 


PROBLEM: If three #6 THWN copper current- 
carrying conductors are installed in a raceway located 
in an ambient temperature of 85° F, supplying a 60- 
amp load, what is the ampacity of each conductor? 
STEP 1:Number of conductors is three. 

STEP 2:Ambient temperature is 85° F. 

STEP 3:Load served is 60 amps. 

STEP 4:Size of conductors is #6. 

STEP 5:Type of insulation is THWN. 

STEP 6:Ampacities are 65 A. 


ANSWER: Each conductor has an ampacity of 65 
amps per Table 310-16, Column 2, for a #6 THWN 
copper conductor rated at 75°C. 


Figure 3-5. A #6 THWN, 75°C rated copper conductor installed 
in an ambient temperature of 85° F has an ampacity of 65 amps. 


Notes to Ampacity Tables of 0 to 2000 Volts. For a 
#14, 75° C THW copper conductor, the ampacity is 
increased to 20 amps; for a #12, it is increased to 25 
amps; and for a #10, it is increased to 35 amps. 

The ampacity can vary according to the temperature 
rating of the conductor’s insulation. For example, a 
#10 TW, 60° C copper conductor has an ampacity of 
30 amps; a #10 THW, 75° C copper conductor has an 
ampacity of 35 amps; anda #10 THWN, 90° C copper 
conductor has an ampacity of 40 amps. This new 
ampacity rating is used only for derating per Note 8(a) 
for more than three current-carrying conductors in a 
raceway or per the correction factors when ambient 
temperatures surrounding conductors exceed 30° C 
or 86° F. 

Note 8(a) requires that the load on certain conductors 
(marked with an obelisk in the tables) not exceed 15 
amps for a #14 conductor, 20 amps for a #12, and 30 
amps for a #10. It also requires that the conductors 
be protected by overcurrent protection devices that 
do not exceed these respective ratings. The load 
limitation for aluminum is 15 amps for a #12 con- 
ductor and 25 amps for a #10 conductor. The other 
size conductors listed in Tables 310-16 through 310- 
19 can be used at the ampacity ratings given in each 
table. Figures 3-6, 3-7, and 3-8 show how to apply the 
rules of Note 8(a) of Notes to Ampacity Tables of 


CONDUIT CONTAINING 
KNOWN LOADS WITH 
50% LOAD DIVERSITY 


FOUR # 12 THW COPPER 
CURRENT-CARRYING 
CONDUCTORS 


Table 310-16 
Note 8(a) of Notes to Ampacity Tables of 0 to 2000 Volts 


PROBLEM: What is the ampacity of four #12 THW 


copper current-carrying conductors installed in a 
conduit? 


STEP 1: Table 310-16, Column 2. 


A #12 THW copper conductor has an 
ampacity of 25 amps. 
STEP 2: Note 8(a) of Notes to Ampacity Tables of 
0 to 2000 Volts. 


Four to six conductors require an 80% 

derating. Therefore, 

25 amps x 80% = 20 amps 
ANSWER: The load onthe conductors is limited to 20 
amps each, protected by a 20-amp circuit breaker or 
fuse. 


Figure 3-6. Example of applying Note 8(a) of Notes to Am- 
pacity Tables of 0 to 2000 Volts. 
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CONDUIT CONTAINING 
KNOWN LOADS WITH 
NO LOAD DIVERSITY 


TEN #12 THHN COPPER 
CURRENT-CARRYING 
CONDUCTORS 


Table 310-16 
Note 8(a) of Notes to Ampacity Tables of 0 to 2000 Volts 


PROBLEM: What is the ampacity of ten #12 copper 
current-carrying conductors installed in a conduit? 


STEP 1: Table 310-16, Column 2. 


A #12 THHN copper conductor has an 
ampacity of 30 amps. 


Note 8(a) of Notes to Ampacity Tables of 

0 to 2000 Volts. 

Ten to twenty conductors require a 

50% derating. Therefore, 

30 amps x 50% = 15 amps 
ANSWER: The load on the conductors is limited to 
15 amps each, protected by a 15-amp circuit breaker 
or fuse. 


Figure 3-7. Example of applying Note 8(a) of Notes to Am- 
pacity Tables of 0 to 2000 Volts. 


CONDUIT CONTAINING 
KNOWN LOADS 


FOUR # 10 THWN 

COPPER CONDUCTORS 
(ONLY THREE CONDUCTORS 
ARE CURRENT-CARRYING) 


Table 310-16 
Correction Factors 
to Table 310-16 
PROBLEM: What is the ampacity of four #10 THWN 
copper conductors, three of which are current- 
carrying, installed in a conduit with a surrounding 
ambient temperature of 113°F (120/240-volt, single- 
phase supply)? 


STEP 1: Table 310-16, Column 3. 


A#10THWN copper conductor of 75°C has 
an ampacity of 35 amps. 


STEP 2:Correction Factors to Table 310-16. 


A #10 copper conductor in an ambient 
temperature of 113°F requires an 82% 
derating. Therefore, 


35 amps x 82% = 28.7 amps 


NOTE: Since only three of the conductors 
are current-carrying, Note 8 to the tables 
does not apply. 


ANSWER: The load on the conductors is limited to 
28.7 amps each, protected by a 30-amp circuit 
breaker or fuse. 


Figure 3-8. Example of applying Note 8(a) of Notes to Am- 
pacity Tables of 0 to 2000 Volts. 
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0 to 2000 Volts. In each of the examples the proce- 
dure is the same. Notice that as the number of cur- 
rent-carrying conductors changes, the derating value 
that is applied also changes. 


Protection of Equipment — 240-2 


This section lists the different types of equipment that 
must be protected against overcurrent. For such 
equipment as appliances, air conditioners, and motors 
of various types, the overcurrent protection must 
have a low enough rating to protect both the equip- 
ment and circuit conductors in case of short circuit. 
For example, an overcurrent protection device of 15 
amps is required for an appliance (such as a large 
grill) of 1,300 watts on a 120-volt circuit (Figure 3-9). 
A #14 wire is required for a 15-amp circuit and is 
considered protected along with the equipment by 
the 15-amp overcurrent protection device. 
To obtain amps, divide watts by volts. 


LARGE GRILL 
1300 W, 120 V 


# 14-2 ROMEX W/GR 


— volt-amps 
volts 


— 1,300 VA 
120 V 


10.8 A 


Figure 3-9. Overcurrent protection is sized to protect the load and 
circuit conductors. 


Protection of Conductors (Other than 
Flexible Cords and Fixture Wires) — 
240-3 


Conductors must be protected against overcurrent 
by an overcurrent protection device (fuse or circuit 
breaker) with a trip setting no higher than the ampacity 
of the conductor. For example, a #3 THW copper 
conductor has an ampacity of 100 amps. A 100-amp 
overcurrent protection device is the largest size 
allowed to protect this circuit conductor (Figure 3-10). 


Paragraphs (a) through (m) permit the overcurrent 
protection device (fuse or circuit breaker) to be set at 
a higher ampacity that the circuit conductors. These 
paragraphs were made necessary by the design of 
certain electrical systems. 


100 A FUSE 

OR CB 

#3 THW COPPER 
CONDUCTORS. 


= AMPACITY 
RATING OF 100. 


aoe 


240-3 


Figure 3-10. Conductors must be protected at their ampacity 
ratings. 


240-3(b). The next higher overcurrent pro- 
tection device is used if the ampacity of the conductor 
does not correspond with a standard size circuit 
breaker or fuse rating. For example, a #4 THW copper 
conductor has an ampacity of 85 amps. Since there is 
no standard fuse or circuit breaker with an 85-amp 
setting, the next higher size permitted to protect the 
conductors is a 90-amp fuse or circuit breaker (Figure 
3-11). Refer to 240-6 for standard ampere ratings. 

NOTE: 240-3(b) is limited to fuses and cir- 
cuit breakers with an 800-amp or less rating. 
For example, if three #600 kcmil THW copper 
conductors are used in parallel, the total ampacity is 


90 A FUSE 
OR CB 
_#f4 THW COPPER 
— a “ CONDUCTORS. 
gd ~ AMPACITY 
R : 
CONES ATING OF 85 


240-3(b) 


ee 3-11. Determining the size of an overcurrent protection 
evice. 


1,260 amps. There is no 1,260-amp standard fuse or 
circuit breaker, so the next lower size of 1,200 amps 
must be used (Figure 3-12). WARNING: The next 
lower device setting must be used, not the higher 
setting. 

For overcurrent protection devices exceeding 800 
amps, a lower than standard rated fuse or circuit 
breaker not listed in 240-6 can be used. NOTE: Over- 
current protection devices (both fuses and circuit 
breakers) that are not listed in 240-6 are commercial- 
ly available. Ratings most useful are 1300-amp, 
1400-amp, and 1500-amp. 


1200 A FUSE 
OR CB 


PHASE A 
PHASE B 
PHASE C 


THREE #600 KCMIL THW 
COPPER CONDUCTORS 
PARALLEL PER PHASE. 
AMPACITY RATING 

OF 1260. 


240-3(c) 


Figure 3-12. Determining the size of an overcurrent protection 
device. 


240-3(d). Conductors of the same size may 
be tapped and spliced without additional overcurrent 
protection at the point of the tap. For example, a #3/0 
THWN Cu conductor protected by a 200-amp overcur- 
rent protection device may be tapped by a #8 conduc- 
tor without an additional protection device by apply- 
ing the 10’ tap rule per 240-21(b) (Figure 3-13). 


JUNCTION BOX 
TAPS 


200 A FUSE 
OR CB 


#3/0 THWN 
CU CONDUCTORS 


#8 THHN CU 
CONDUCTORS 
TO OTHER LOADS 


240-3(d); 240-21(b) 


CONDUIT 


Figure 3-13. Conductors can be tapped without providing ad- 
ditional overcurrent protection at the point of tap. 


Under certain conditions, the NEC allows a larger, 
protected conductor to be tapped with a smaller con- 
ductor unprotected at the point of the tap. Tap 
conductors are permitted to be over-protected when 
certain rules are followed. Section 210-19(c) refers to 
loads other than ranges. These other loads must have 
an ampacity at least equal to the load served with no 
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conductor smaller than #14 used. 

Exception No. 1 to 210-19(c) permits a #14 con- 
ductor to be tapped to a circuit fused (protected) by a 
20-amp or 30-amp overcurrent protection device, 
provided the following rules are met: 

Smaller tap conductors may supply lampholders 
if the taps extend no more than 18” from the lamp- 
holder (Figure 3-14). 


210-1%(c), Ex. la 


Figure 3-14. Taps must not extend more than 18” beyond a lamp- 
holder or fixture. NOTE: See 240-4, Ex. 2 and 410-67(c). 


Tap conductors supplying a fixture must extend 
at least 4’ from the fixture. A 4’ to 6’ fixture whip 
(Greenfield) is used to connect the branch-circuit 
conductors to the fixture (Figure 3-15). The fixture 
must be installed at least 1’ from the junction box. 


FEEDER CONDUIT 


a 
D 


CEILING 
JOIST 


GREENFIELD 
FLUORESCENT FIXTURE 


SUSPENDED CEILING 


410-67(c); 
333-7, Ex. 3; 350-5; 351-9 


Figure 3-15. Taps must extend at least 4’ beyond a fluorescent 
fixture. A 4’ to 6’ section of Greenfield connects branch-circuit 
conductors to the fixture. 


An individual duplex receptacle may be tapped 
with a smaller conductor to a larger, protected con- 
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ductor if the smaller tap does not extend more than 
18” from the point of tap (Figure 3-16). 

Tap conductors may supply infrared lamps of 
industrial heating appliances. 

Tap conductors may supply the nonheating 
leads of de-icing cables or mats used to control snow 
and ice during cold-weather months. 

See 240-4 for the protection of fixture wire and 
cords. See 240-21(b)(c)(d)(j). See 364-10 and 364-11 
for tapping and reduction of busways. 


"a SWITCH BOX 


y RECEPTACLE 


TAP CONDUCTORS 


BONDING 
JUMPER 


210-19%(c), Ex. lc 


Figure 3-16. Tap conductors must not extend more than 18” from 
a receptacle. 


240-3(f). Article 430 governs the design and 
installation requirements of motors and motor con- 
trol circuits, Overcurrent protection for motors may 
exceed the amperage to permit the starting of the 
motor. A motor will pull four to six times its full-load 
current (FLC) rating on starting. This current is known 
as inrush current (Figure 3-17). This exception is 
intended to provide overcurrent protection (by fuse 
or circuit breaker) large enough to hold the momentary 
inrush current required to start the motor. 

Section 430-72(b), Exception No. 1 permits a 
motor control circuit to be tapped from the load side 


MOTOR FLC 42A 


100 A FUSE 


240 V, 3PH 
MOTOR 


42A FLC x 600% = 252A 
100 ACB x 3 = 300A 


240-3(f); 430-52; Table 430-152 
Figure 3-17. Inrush current of a motor may be up to 600% of 


the full-load current (FLC). A 100-amp circuit breaker will hold 
three times its rating for four seconds. 


of the fuse or circuit breaker, or from the line side of 
the motor’s magnetic starter. If the START and 
STOP buttons are mounted on the cover of the starter 
enclosure, the overcurrent protection device must 
not be sized at more than 400% of the control con- 
ductors’ ampacity rating for free air application 
(Figure 3-18). See Table 310-17. 


OVERCURRENT 
PROTECTION DEVICE 


STOP - START 
PUSHBUTTONS 


MAGNETIC STARTER 


240-3(f) 
430-72(b), Ex. 1 


Figure 3-18. The overcurrent protection device must not exceed 
400% of the ampacity of control conductors within magnetic starter 
enclosures. 


Sections 430-72(b), Exception 2 and 
725-12, Exception 3 permit motor control circuits to 
have overcurrent protection up to 300% of the am- 
pacity of the conductor. Motor control circuits are the 
conductors from the magnetic starter to the START 
and STOP pushbuttons that control the coil of the 
starter (Figure 3-19). 


CONTROLLER 


FUSE OR CB 


CONTROL MOTOR 


CONDUCTORS 


STOP - START 
PUSHBUTTONS 


240-3(f) 
430-72(b), Ex. 2 
725-12, Ex. 3 


Figure 3-19. The overcurrent protection device must not exceed 
300% of the control conductors’ ampacity. 


Section 450-3(b)(1) permits the 
primary overcurrent protection device to protect the 
secondary conductors of a two-wire transformer, provided 
the primary protection does not exceed the value of the 


secondary conductor ampacity multiplied by the second- 
ary-to-primary transformer voltage ratio. However, the 
primary overcurrent protection device shall not be used 
to protect the secondary conductors of three-wire or four- 
wire transformers (Figure 3-20). 


OVERCURRENT 
PROTECTION DEVICE 


2W TO 2W 
TRANSFORMER 


PRIMARY SECONDARY 


TO a 4 


240-3(i) 
430-72(b), Ex. 3 
725-12, Ex. 2 


Figure 3-20. The primary overcurrent protection device may 
protect the secondary side of a two-wire transformer but cannot 
protect secondary conductors of three-wire or four-wire trans- 
formers. 


240-3(j). Section 460-8(b)(1) requires an over- 
current protection device to be provided in each 
ungrounded conductor for each capacitor bank. The 
overcurrent protection device shall be set as low as 
possible per 460-8(bX2) (Figure 3-21). 


OVERCURRENT 
PROTECTION DEVICE 


TO LOAD 


TO POWER SOURCE 


DISCONNECT AND 
OVERCURRENT PROTECTION 


CAPACITOR BANK 
a ks FOR CAPACITOR BANK 


TO POWER SOURCE 


OVERCURRENT 
PROTECTION DEVICE 


TO LOAD MAGNETIC STARTER 


CAPACITOR BANK 


240-3(j) 
460-8(b 2) 


Figure 3-21. Overcurrent protection must be provided in each 
ungrounded conductor for each capacitor bank. 


240-3(k). For AC transformers and DC rec- 
tifier arc welders, overcurrent protection shall not be 
over 200% of the welder’s primary current, per 
630-12(a). Also, for motor-generator arc welders, over- 
current protection shall not be over 200% of the 
welder’s primary current, per 630-22(a). For resistance 
welders, overcurrent protection shall not be over 300% 
of the welder’s primary current, per 630-32(a) (Figure 
3-22). 
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AC TRANSFORMER 
OR DC RECTIFIER 
ARC WELDER 


FUSE OR CB 
630-12(a) 


nm OVERCURRENT PROTECTION DEVICE MUST NOT 
rA EXCEED 200% OF WELDER'S PRIMARY CURRENT 


MOTOR-GENERATOR 


FUSE OR CB ARC WELDER 


630-22(a) 


FUSE OR CB 
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oS PROTECTION DEVICE MUST NOT 


EXCEED 300% OF WELDER’S PRIMARY CURRENT 


240-3(k) 
630-22(a); 630-32(a) 


Figure 3-22. Conductors are considered protected at these ratings. 


240-3(a). It is not necessary to provide over- 
load protection for conductors supplying a load to 
which loss of power would create a hazard. However, 
overcurrent protection (against short circuit) shall be 
provided (Figure 3-23). 


MAGNET 
(OVERCURRENT 
PROTECTION MUST 
BE PROVIDED) 


240-3(a) 


Figure 3-23. Overload protection that could create a hazardous 
situation may be omitted by special permission. A loss of power to 
the magnet shown would create a hazardous situation. 

240-3(e). Conductors to motor-operated appli- 
ances shall be protected with OCPD’s per 422, 
parts B and D. 


240-3(g). Conductors to phase converters shall 
be protected with OCPD’s per 455-7. 


240-3(h). Conductors to air conditioning and 
heating equipment shall be protected with OCPD’s 
per 440, Parts C and F. 


240-3(m). Fire protective signaling conductors 
shall be protected with OCPD’s per 760-12, 760- 
13, 760-21, 760-23, and 760-24. 
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Protection of Fixture Wires and Cords 
— 240-4 


A #16 or #18 fixture wire or cord may be protected 
by the fuse or circuit breaker of the circuit if the 
overcurrent protection device is 20 amps or less 
(Figure 3-24). A #14 fixture wire may be used on a 
circuit protected by a 30-amp device, and a #12 
fixture wire may be used on 40-amp or 50-amp circuit. 

A #18 or larger cord may be plugged into a 15-amp 
or 20-amp circuit, and a cord with a 10-amp or more 
rating may be plugged into a 30-amp circuit. A cord 
with a 20-amp (or more) rating may be plugged into 
a 40-amp or 50-amp circuit. See Table 400-5(A). 


TO OVERCURRENT 
PROTECTION 


FIXTURE WIRE 
TABLE 402-5 
240-4, EX. 2 


EXTENSION CORD 
LISTED PER 
240-4, EX. 3 


APPLIANCE ol) o j 


a m CORD 


TABLE 400-5(A) 


TO OVERCURRENT PROTECTION 
240-4, EX. 1 


FIXTURE LENGTH 
WIRE CIRCUIT OF RUN 


#18 15 OR 20 AMPS 50’ 
#16 15 OR 20 AMPS 100’ 
#14 30AMPS NONE SPECIFIED 
#12  400R 50 AMPS NONE SPECIFIED 


Figure 3-24. Protection of fixture wires and cords. 


Standard Ampere Ratings — 240-6 


Standard ampere ratings for fuses and circuit breakers 
are: 


15 100 500 
20 110 600 
25 125 700 
30 150 800 
35 175 1,000 
40 200 1,200 
45 225 1,600 
50 250 2,000 
60 300 2,500 
70 350 3,000 
80 400 4,000 
90 450 5,000 

6,000 


For fuses only, additional standard sizes are: 
1A, 3A, 6A, 10A, and 601A. 

NOTE: The rating of a circuit breaker with a readi- 
ly accessible external means of adjustment shall be 
the maximum rated setting required to protect the 
system. See 240-6, Ex. Listed OCPDs per 110-3(b) and 
240-6, FPN can be used even if not listed as standard 
sizes. 


Fuses or Circuit Breakers in Parallel — 
240-8 


Fuses or circuit breakers are not permitted to be 
paralleled in the field. However, an exception allows 
circuit breakers or fuses to be factory-assembled as a 
unit. 


Thermal Devices — 240-9 


Thermal devices use a heater device in each circuit 
conductor to sense heat. When overheated, thermal 
devices operate to open the circuit. These devices 
may be used for overload conditions but not for short- 
circuit conditions. They do not operate immediately. 
There is a time delay before the circuit is opened. 


Supplementary Overcurrent Protection 
— 240-10 


Overcurrent protection devices installed by manu- 
facturers on electrical equipment are considered 
supplementary. Branch circuits serving such equip- 
ment must be protected by additional overcurrent 
protection devices. Fuses installed in fluorescent 
fixtures to protect the ballast are an example of 
supplemental overcurrent protection. NOTE: The 
NEC does not require supplemental overcurrent pro- 
tection devices to be readily accessible. See 424-19 
and 424-22. 


Electrical System Coordination — 
240-12 


This rule permits elimination of overload protection 
to prevent a disorderly shutdown where electrical 
equipment under short-circuit conditions would 
create a hazard. The short-circuit protection must be 
selectively coordinated, and overload conditions must 
be monitored. In Figure 3-25, Device A will provide 
overcurrent protection in the system. Devices B 
through G will provide additional overcurrent pro- 
tection for individual loads in the system. Installing 
overcurrent protection devices in this manner pre- 
vents electrical hazards from inadvertent tripping of 
the main overcurrent protection device. 


TRANSFORMER 


DEVICE A 


OVERCURRENT 
PROTECTION 


A FAULT ON 
THIS FEEDER 
WILL OPEN 
DEVICE G 


OVERLOAD INDICATORS TO 
MONITORED CURRENT 


240-12 


Figure 3-25. Short-circuit protection may be selectively coordinated 
and monitored to sense current. 
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Ground-fault Protection—240-13 

Solidly grounded wye electrical systems with a volt- 
age to ground of more than 150 V, but not more than 
600 V phase-to-phase, shall be provided with ground- 
fault protection for equipment. The main disconnect- 
ing means for each building or structure shall be rated 
1000 A or more per 230-95. See the three exceptions 
to 240-13 where ground-fault protection is not re- 
quired for such equipment. 


Ungrounded Conductors — 240-20 


Part a requires an overcurrent protection device to 
be installed in each ungrounded conductor of the 
following systems (Figure 3-26): 

1. Grounded two-wire, single-phase system. 

. Grounded three-wire, single-phase sytem. 
Ungrounded three-wire, three-phase delta system. 
. Grounded four-wire, three-phase delta system. 
. Grounded four-wire, three-phase wye system. 
Corner-grounded, three-wire, three-phase delta 
system. 

Although an overcurrent protection device must be 
installed in each ungrounded conductor of the corner- 
grounded three-wire, three-phase delta system, no 
overcurrent protection device is to be installed in the 
corner-grounded conductor. 

Part b requires a circuit breaker to open all un- 
grounded conductors of a circuit simultaneously. 
However, single-pole breakers with tie bars may be 
used instead of multiple breakers. 

Single-pole units are not permitted to serve as the 
disconnecting means. They do not satisfy 210-10, 
which requires all poles to be switched together. 
See 240-20(c) for closed-loop power distribution sys- 
tems. 


Oo ww 


FUSE OR CB 
FUSE 
FUSE OR CB OR CB 
I 
GROUNDED 2w, GROUNDED 3W, UNGROUNDED 3w, 
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(] 
| i 
I 
GROUNDED 4W, GROUNDED 4W, CORNER-GROUNDED 


3PH DELTA SYSTEM 


3PH WYE SYSTEM 


3W, 3PH DELTA SYSTEM 


240-20(a) 
Figure 3-26. These ungrounded conductors require overcurrent protection. 
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Single-pole units may serve as overcurrent protection 
for two-wire and three-wire circuits (Figure 3-27). 
However, it is better to use multiple units for circuits 
to individual loads supplied by two or more ungrounded 
circuit conductors. 

PERMITTED 


} l Ate W H 


LST TL TT 


NO 
TIE BARS 


mW, 3W, 4w, 3w, 2W, 

1PH 1PH 3PH 3PH 1PH 

LOAD LOAD LOAD LOAD AC LOAD 
240-20(b) 


Figure 3-27. Single-pole circuit breakers may be used in un- 
grounded circuits for ungrounded two-wire systems or three-wire 
or four-wire grounded systems. Tie bars must be used when single- 
phase circuit breakers are used on three-phase loads. 


Location in Circuit — 240-21 


Circuit breakers or fuses must be installed at the 
point where a conductor receives its supply. For 
example, if a branch circuit is tapped to a feeder 
circuit, the overcurrent protection device (fuses or 
circuit breakers) must be installed at the point where 
the tap is made to the feeder to protect the branch- 
circuit conductors. 


240-21(a). This exception would apply, for 
example, where a #12 circuit conductor is tapped to a 
#4 feeder conductor and terminated to a 20-amp set 
of fuses or a two-pole circuit breaker. The #12 con- 
ductor is protected by the 20-amp overcurrent pro- 
tection device installed at the point of the tap. This 
exception also allows larger conductors to be used for 
correction of voltage drop. Larger conductors are 
routed from point to point and spliced with smaller 
conductors which are terminated to lugs of equipment. 


240-21(b). When conductors 10’ long or less 
are tapped to a feeder or transformer secondary, the 
following conditions must be met (Figure 3-28). 

Tap conductors must end at the point of ter- 
mination. 

Tap conductors must be mechanically protected 
by conduit or metal gutters. 

Tap must be sized to carry the total load of 
conductors. 

Ampacity of tap conductors must not be less 
than the rating of the overcurrent protection device at 
the point of termination. 

Ampacity of tap conductors must not be less 
than the rating of the device supplied by the tap 
conductors. 


For taps made in the field, the overcurrent device 
on the supply side of the tap shall not exceed 1000% 
of the tapped conductors’ ampacity. 
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Figure 3-28. Taps 10’ long may be made from a feeder circuit 
or on the secondary of a transformer. 


240-21(c). When conductors 25’ long or less 
are tapped to a feeder, the following conditions must 
be met (Figure 3-29): 

Ampacity of the tap conductors must be at least 
one-third the ampacity of the larger conductor or 
the overcurrent protection device. 

Tap conductors must be protected from physical 
damage by a raceway. 

Tap conductors must terminate in a single cir- 
cuit breaker or set of fuses. 


300 A FUSES 


aA TAP CONNECTION 


300 A FEEDER 
MAIN DISCONNECT 
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ENCLOSURE 
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240-21(c); 384-16(d) 


Figure 3-29. Taps 25’ long must be rated at one-third the ampaci- 
ty of the feeder or the overcurrent protection device. 


240-21(n). Service conductors are the supply 
conductors that extend from the power company’s 
transformer to the service equipment installed in a 
building. The service conductors do not require pro- 
tection before entering the building. See 230-6, 230- 
70(a), and 230-208(b). 


240-21(f). Taps of smaller conductors to 
larger conductors may be made without providing 
overcurrent protection at the point of the tap under 
certain conditions. A smaller conductor may be tapped 
to a larger conductor to supply a small range or indi- 


vidual outlets. A #14 conductor may be tapped to a 
20-amp, 25-amp, or 30-amp circuit. A #12 conductor 
may be tapped to a 40-amp or 50-amp circuit. See 
210-19, 210-20, 210-24, and Figures 3-13 and 
3-14, 


240-21(h). Tap conductors 10’, 25’, or 100’ 
long may be used to supply motor circuits as long as 
they are in compliance with 430-28 and 430-53(d). 


240-21(g). A busway may be reduced in size 
without overcurrent protection at the point of the tap. 
See 364-11. 


240-21(d). Overcurrent protection for a trans- 
former feeder tap with primary and secondary totaling 
not more than 25’ in length is not required at the tap 
point when the following conditions are met (Figure 
3-30): 

Ampacity of the tap conductors must be at least 
one-third the ampacity of the feeder. 

Ampacity of the secondary conductor must be 
at least one-third that of the feeder when multiplied 
by the ratio of the secondary to primary voltage. 

Tap conductors must be protected from physical 
damage. 

Secondary conductors must terminate in a set 
of fuses or circuit breakers sized to protect the 
secondaries. 


240-21(i). Unprotected taps may be made from 
the output of the generator terminals to the first 
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overcurrent protection device of the circuit that the 
generator supplies. The tap conductors may be run 
any distance, for the exception does not specify a 
maximum length. However, 445-5 requires the tap 
conductors to have an ampacity of at least 115% of 
the generator’s nameplate current rating (Figure 3-31). 


GENERATOR 


TAP CONNECTIONS 
445-5 


RACEWAY 


OVERCURRENT PROTECTION DEVICE 
445-4 


240-21(i) 


Figure 3-31. Tap conductors from generators may be any length. 
Protection is not required at the generator terminals. 


240-21(e). This exception permits a tap up 
to 100’ in length in high-bay manufacturing buildings 
having walls over 35’ high. Maintenance conditions 
and supervision must assure that only qualified 
persons will service and maintain the system. In 
addition, the following conditions must be met: 

Tap conductors must not run more than 25’ 
horizontally, and total tap run must not exceed 100’. 
Ampacity of tap conductors must be at least 
one-third of the rating of the overcurrent protection 


#350 FEEDER 3/0 A 


300 A FEEDER MAIN 


MAIN SERVICE PANEL 


(ALL WIRE IS THWN COPPER) 


240-21(d) 


Figure 3-30. Transformer feeder taps with primary plus secondary totaling not more than 25’ in length. 
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device protecting the feeder conductors. 

Tap conductors must terminate in a circuit 
breaker or set of fuses not greater than the ampacity 
rating of the tap conductors. 

Tap conductors must be protected from physical 
damage by rigid metal conduit, EMT, or nonmetallic 
conduit. 

Splices are not permitted in the tap conductors 
for the total 100’. 

Tap conductors must not be smaller than #6 
copper and #4 aluminum wire. 

Tap conductors must not pass through walls, 
floors, or ceilings (Figure 3-32). 

The tap must be made at least 30’ from floor 
level (Figure 3-32). 


a UNPROTECTED AT TAP CONNECTION 
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PROTECTING FEEDER 
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Figure 3-32. In manufacturing buildings with walls over 35’ high, 
unprotected taps to 100’ are allowed. 


240-21(j). In industrial locations, taps up 
to 25’ in length can be made from the secondary side 
of transformers which are classified as separately de- 
rived systems (Figure 3-33). The following conditions 
must be met: 
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OF TRANSFORMERS 


TAPPED CONDUCTORS 
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BE PROTECTED 


240-21(j) 
Figure 3-33. Tapping the secondary side of transformers using 25’ 
or less tapped conductors. 


Secondary taps must not exceed 25’ in length. 

Ampacity of tapped conductors must be equiva- 
lent to the transformer’s output, and the overcurrent 
protection devices must not exceed output. 

Overcurrent protection devices shall be grouped. 

Tapped conductors shall be protected from physi- 
cal damage. 


240-21(k). The conductors to phase converters 
shall be protected by OCPD’s per 455-7(b)(2). 


240-21(m). Outside feeder taps from the secon- 
dary of transformers shall comply with 240- 


21(m)(1)(2)(3)(4). 
Grounded Conductors — 240-22 


Overcurrent protection devices must not be installed 
in series with the neutral conductor unless the device 
will open all conductors (including the neutral) of the 
circuit simultaneously. WARNING: A fuse must 
not be used in the neutral conductor, as a blown 
fuse in the neutral would be open while the un- 
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Figure 3-34. Overcurrent protection devices may be installed in 
grounded conductors as shown. 


grounded conductors are still hot. This type of 
installation would create a hazard. 


Exceptions No. 1, 2. A fuse may be installed in the 
grounded conductor of a three-wire, three-phase 
corner-grounded system. Section 430-36 requires a 
fuse in the grounded conductor for running protection 
(overload) of three-phase motors (Figure 3-34). 


Change in Size of Grounded 
Conductors — 240-23 


The neutral conductor may be reduced in size to 
accommodate the hot conductors as long as the neutral 
conductor is protected by the hot conductors’ over- 
current protection device. This rule applies to feeders 
and tapped branch circuits. 


Location in or on Premises: 
General Accessibility — 240-24(a) 


Overcurrent protection devices must be installed ina 
readily accessible location. Readily accessible is de- 
fined as capable of being reached easily and quickly 
for operation. Overcurrent protection devices must 
not be located where a person must climb over or 
remove obstacles, or use a ladder, to reach them. 


Exception No. 1. Section 346-12 allows the overcur- 
rent protection device used for a plug-in to the busway 
to be out of reach. However, the overcurrent protec- 
tion device shall be capable of being operated from 
the floor by hooksticks, ropes, or chains (Figure 3-35). 


PLUG-IN FUSED 
DISCONNECT 


MAGNETIC STARTER 
OR CONTROLLER 


240-24(a), Ex. 1 


Figure 3-35. Hooksticks, ropes, or chains may be used to operate 
out-of-reach overcurrent protection devices. 


Exception No. 2. Fuses installed by manufacturers 
in lighting fixtures, appliances, etc., are not required 
to be readily accessible. This exception would apply, 
for example, to a fuse in a ballast for fluorescent 
lighting or a device installed in a cord plug (Figure 
3-36). 
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RACEWAY 


CORD PLUG 
es | 
i 


a FIXTURE W/FACTORY- 
INSTALLED FUSE IN 
BALLAST OR CORD PLUG. 


240-24(a), Ex. 2 


Figure 3-36. Fuses installed by manufacturers in lighting fix- 
tures, appliances, etc, do not have to be readily accessible. 


Exception No. 3. Overcurrent protection devices 
may be located at the outer end or at the beginning of 
the run where the service-entrance conductors are 
tapped to the drop or lateral. In effect, this rule covers 
a case where the overcurrent protection device for the 
service is locked or sealed per 230-92 (Figure 3-37). 


SERVICE ENTRANCE 
CONDUCTORS AND 
RACEWAY 


GUTTER 


METER 


TO BRANCH-CIRCUIT 


LOCKED OR SEALED PANEL 


OVERCURRENT 
PROTECTION DEVICE 


240-24(a), Ex. 3 


Figure 3-37. Overcurrent protection devices may be located at 
the beginning of a run. Service-entrance conductors are tapped at 
the drop. 


Location in or on Premises: 
Occupants’ Access — 240-24(b) 


Each occupant of a building or apartment must have 
full access to the overcurrent protection devices for 
his or her occupancy. 

The exception permits overcurrent protection de- 
vices to be installed in a room accessible to full-time 
authorized personnel only (Figure 3-38). See 230-72(c) 
and 230-91(b). 


Location in or on Premises: 

Other Requirements — 240-24(c)(d)(e) 
Part c does not permit overcurrent protection devices 
to be located where exposed to physical damage. Part 
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ye APARTMENT BUILDING 


BRANCH- 
CIRCUIT 
PANELS 


OVERCURRENT PROTECTION 
DEVICE FOR EACH FEEDER IN 
LOCKED ROOM. 


240-24(b), Ex. 


Figure 3-38. Overcurrent protection devices for individual 
occupancies of multiple-occupancy buildings may be located in a 
room under the full-time supervision of building employees. 


d does not permit overcurrent protection devices to be 
located where exposed to easily ignitible material, such 
as in clothes closets. Fused switches and panelboards 
with circuit breakers may be installed in other closet 
spaces that do not have easily ignitible materials. 
NOTE: The closet cannot be used for storage, and the 
clearance requirements of 110-16 must be met. Part e 
prohibits OCPD’s from being installed in bathrooms 
of dwelling units and in bathrooms of guest rooms of 
hotels and motels. See Figure 3-39. 


PANEL WITH OVERCURRENT 
PROTECTION DEVICES 


CLOTHES 


VIOLATION 


240-24(d) 


Figure 3-39. Overcurrent protection devices must not be located 
where exposed to easily ignitible materials. 


Wet or Damp Locations — 240-32 


Damp locations are areas that are only partially pro- 
tected from the weather, such as under canopies, 
marquees, or roofed, open porches. Interior locations 
subject to moderate degrees of moisture are also 
considered damp locations. 

Wet locations include underground installations, 
installations in concrete slabs or masonry walls, in- 
stallations in direct contact with earth or in areas 
subject to water saturation (such as car washes). 


Vertical Position — 240-33 


Boxes or enclosures for overcurrent devices should be 
mounted in the vertical position. They are to be 
mounted horizontally only if is impractical to mount 
them vertically. See 240-33 and 240-81. 


General Plug Fuses — 240-50 


Plug fuses are limited to 125 volts between conductors. 
When they are used in systems with a grounded neutral 
conductor, the voltage may be 150 volts or less to 
ground. Plug fuses witha 15-amp or less rating have a 
hexagonal window on the head of the fuse. Plug fuses 
in 20-amp, 25-amp, and 30-amp sizes have a round 
window. 

The exposed live parts on plug fuses, fuseholders, 
or adapters are not permitted on the load side of the 
circuit. They must be connected on the screw-shell 
part of plug fuseholders. This minimizes the danger 
of electrical shock when the fuse is being removed 
(Figure 3-40). 


HOT LEGS HOT LEGS 
HOT LEGS AND NEUTRAL AND NEUTRAL 
PLUG FUSES 
MAY BE 
USED 
125 V 120/240V 120/208 V = 
OR LESS 3/W, 1PH 4W, 3PH 
HOT LEGS 
LOAD SIDE OF 
PLUG FUSES CIRCUIT IS 
MAY NOT CONNECTED 
TO THE PLUG 
BE USED FUSE SHELL 
THIS IS AN EDISON-BASE 
277/480V = PLUG FUSE 
4w, 3PH 


240-50; 240-51 


Figure 3-40. General uses for plug fuses. 


Edison-base Plug Fuses — 240-51 


Edison-base plug fuses (refer again to Figure 3-40) 
may be used as replacements only in existing instal- 
lations where there is no evidence of overfusing or 
tampering. Edison-base plug fuses are rated at 30 
amps or less (a fuse plug of 15, 20, or 30 amps could 
be installed in the fuseholder) for circuits no larger 
than 125 volts. For example, a #14 wire protected by 
a 30-amp fuse could create a hazard. 

On new installations (new work) all plug fuses must 
be Type S to prevent tampering. 


Edison-base Fuseholders — 240-51 


Edison-base fuseholders must be finished with per- 
manent adapters when used for new work or existing 
installations. Adapters are equipped with a locking 
spring that cannot be removed when screwed into an 
Edison-base fuseholder. Only Type S fuses may be 
screwed into the adapter. 


Type S Plug Fuses — 240-53 


Type S fuses are available in sizes of 0 to 15, 16 to 20, 
and 21 to 30 amps (Figure 3-41). The threads of a 
Type S fuse, unlike those of an Edison-base fuse, are 
designed in such a way that fuses of different sizes 
cannot be interchanged. For example, the threads on 
a 15-amp Type S fuse are designed differently from 
the threads on a 20-amp or 30-amp fuse. This makes 
tampering very difficult. 


TYPE S PLUG FUSE ADAPTER 


FUSEHOLDER 


LOCKING DEVICE OR ADAPTER 


240-52; 240-53 
240-54; 240-60 


Figure 3-41. Type S fuses are designed to fit only Type S fuse- 
holders or adapters. 


The screw-shell part of an Edison-base type of fuse 
conducts current. A copper penny could be bridged 
across the contacts and power supplied to the load 
with the fuse blown. With the Type S fuse, a contact 
spring makes contact with a metal ring on the fuse- 
holder to connect the circuit conductors to the load. 
Type S fuses cannot be bridged. 
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Type S Plug Fuses, Adapters, and 
Fuseholders — 240-54 


This section lists the requirements and design speci- 
fications for Type S fuses and accessories. 

Part a requires Type S adapters to be designed to 
fit Edison-base fuseholders, but Part b requires Type 
S fuseholders and adapters to be designed for use 
with Type S plug fuses only. 

Part c requires Type S adapters to be designed so 
that once screwed into the fuseholder, they cannot be 
removed. This is to prevent overfusing. 

Part d instructs each manufacturer to standardize 
fuses, fuseholders, and adapters by dimensions. 


Cartridge Fuses and 
Fuseholders — 240-60 


Two types of cartridge fuses are used in the industry 
(Figure 3-42). One is a ferrule type that makes contact 
through round copper rings at each end of the car- 
tridge. The cartridge is inserted into clips (fuseholders), 
and the copper rings bridge the line to the load. The 
other is a knife-blade type. Copper blades are fitted 
into clips (fuseholders) and bridge the line to the load. 


COPPER BLADES 
COPPER RINGS aoe 


KNIFE-BLADE TYPE 


FERRULE TYPE 


240-60 


Figure 3-42. Two types of cartridge fuses. 


Classification — 240-61 


This section classifies fuses by their sizes and ratings. 
Fuses of a certain size and rating are not interchange- 
able with fuses of a different size and rating (Figure 
3-43). Cartridge fuses are available in voltage ratings 
of 250 to 600 volts. A 600-volt fuse may be used ina 
system of 600 volts or less, but a 250-volt fuse must 
not be used in a 600-volt system. 
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Figure 3-43. Fuses of a given size and rating cannot be inter- 
changed with fuses of another size and rating. 


Method of Operation (Circuit Breakers) 
— 240-80 


All circuit breakers must be capable of manual oper- 
ation. Handles are provided to open or close circuit 
breakers. Manual operations must be provided even 
if the circuit breakers are electrically or pneumatically 
operated. This requirement allows the circuit breaker 
to be opened manually in the event of electrical or 
pneumatic malfunction (Figure 3-44). 


TO POWER SOURCE 


ELECTRICALLY 
OPERATED CB 


MANUALLY OPERATED CB 


240-80 


Figure 3-44. All circuit breakers must be capable of manual 
operation. 


Indicating — 240-81 


Circuit breakers are installed so that the handle is in 
the up position when the circuit breaker is turned ON. 
Circuit breakers must be clearly marked ON and 
OFF. There should never be any doubt concerning 
whether a circuit breaker is ON or OFF. 


Marking — 240-83 


The ON and OFF designations must be visible on the 
circuit breaker after installation with removal of the 
trim or cover. Circuit breakers with an interrupting 
current (IC) rating of over 5,000 amps must be marked 
with the IC rating. Circuit breakers used as a switch 
for 120-volt or 277-volt fluorescent lighting circuits 
shall be marked with SWD to indicate switching duty. 

The FPN to 240-83(e) states that CBs with straight 
voltage markings can be used with grounded, un- 
grounded, or grounded neutral systems. For example, 
a CB with a straight voltage marking of 480 V can 
be used in grounded, ungrounded, or neutral grounded 
systems. CBs with slash voltage markings can be used 


only with grounded neutral systems. For example, a 
CB with a slash voltage marking of 480/277 V can 
be used only with grounded neutral systems (Figure 
3-45). 


60 A RATING 
IS VISIBLE SWD 


IC RATING ON CB 


4 OR 277 V 


FLUORESCENT LIGHTING 


CIRCUIT BREAKER IS 
CLEARLY MARKED 


FIXTURES ON OR OFF 
CORNER GROUNDED CB  208M20 V, 34, 
SHALL BE MARKED 10/30 os 
480 V, 34, 480/277 V, 34, 
3-WIRE 4-WIRE 
STRAIGHT 
MARKING 
SLASH 
MARKING 
z 110-22 E 
240-83 


Figure 3-45. Circuit breakers shall be clearly marked. 


Feeders (Overcurrent Protection over 
600 Volts Nominal) — 240-100 


Fuse ratings for short-circuit protection of high- 
voltage feeders may be up to three times the ampacity 
of the conductors. The circuit breaker setting may be 
up to six times the ampacity of the conductor. NOTE: 
These values will not provide overload protection. A 
means of overload protection at alower value must be 
provided in the fuse or circuit breaker (Figure 3-46). 


FEEDER — 


CONDUCTORS 


[|- FUSES 


CB 


-e ENCLOSURE 


TRIP SETTING NOT MORE 
THAN 600% OF FEEDER 
CONDUCTOR AMPACITY 


TRIP SETTING NOT MORE 
THAN 300% OF FEEDER 
CONDUCTOR AMPACITY 


240-100 


Figure 3-46. Overcurrent protection for high-voltage feeder con- 
ductors rated above 600 volts. 


Branch Circuits — 240-101 


Branch circuits of high-voltage systems must have an 
overcurrent protection device in each ungrounded 
conductor. The branch circuit may be protected by a 
circuit breaker with relays in only two-phase legs. 
This type of protection is outlined in 230-208(d)(2) 
and 230-208(d)(3). The overcurrent protection device 
must be capable of detecting and interrupting all 
values of current in excess of its trip setting or melting 
point (Figure 3-47). NOTE: For high-voltage motor 
installations, see 430-125. 


Ps FEEDER CONDUCTORS 


RATED OVER 600V 


Da ENCLOSURE 


240-101 


Figure 3-47. High-voltage branch circuits must be protected by a 
short-circuit overcurrent protection device in each ungrounded 
conductor rated above 600 volts. 


CONDUCTORS FOR GENERAL 
WIRING — 310 


Environmental conditions such as temperature, 
moisture, oil, and gasoline must be considered when 
selecting insulation for conductors. The general re- 
quirements for conductors and their types of desig- 
nations, temperature ratings, types of insulation, 
ampacity ratings, and methods of installation are 
discussed in this article. 


insulated or Bare Conductors — 
310-2(a) 

Conductors must be insulated, except in the following 
situations: 

1. The grounded neutral conductor may be bare 
when used as a service-entrance conductor to ground 
and bond the noncurrent-carrying parts of equipment 
such as a weatherhead, raceway, meter base, or other 
enclosures on the supply side. The bare grounded 
conductor may also be used as the neutral of the 
system (Figure 3-48). See 230-41, Ex. and 250-61(a). 
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WEATHERHEAD 


GROUNDED CONDUCTOR MAY 
BE INSULATED OR BARE 


METER BASE 
ENCLOSURE 


LINE SIDE IS FROM MAIN IN 
PANEL TO WEATHERHEAD AND 
TO DISTRIBUTION SOURCE 


230-41, Ex. 
310-2(a), Ex. 


Figure 3-48. The service raceway, meter base enclosure, and the 
service weatherhead may be grounded with the grounded neutral 
according to 250-61 (a). 


2. A bare conductor may be used to ground the 
noncurrent-carrying parts of equipment and enclosures 
on the load side of the main disconnecting means 
(Figure 3-49). See 250-61(b) and 250-91(b). 

3. A bare conductor may be used to ground the 
busbar for the equipment grounding conductors on a 
subfed panel (Figure 3-50). See 250-61(b) and 
338-3(b). 

4. A bare conductor may be used for the grounding 
electrode conductor to ground the service equipment 
to the grounding electrode system (Figure 3-51). See 


250-91(a). 
Mae PANEL 


COOKTOP 


SE CABLE 
EQUIPMENT GROUND 


250-60(c) 
250-61(b), Ex. 1 
310-2(a), Ex. 


Figure 3-49. The bare equipment ground may be used to ground 
the noncurrent-carrying metal parts of equipment such as ranges, 
cooktops, ovens, dryers, etc. 
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EQUIPMENT 
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250-61(b); 310-2(a), Ex.; 384-20; 338-3(b) 


Figure 3-50. The bare conductor may be used to ground the 
busbar for the equipment grounding conductors. 


SERVICE ENCLOSURE 


BARE CONDUCTOR 


WATER PIPE 


GROUNDING ELECTRODE 
CONDUCTOR 


CONNECTION TO ELECTRODE 
SYSTEM (250-115) 


250-91(a); 250-92(a) 
250-112; 250-115 
310-2(a), Ex. 


Figure 3-51. A bare conductor may be used to connect the service 
enclosure and grounded busbar to the grounding electrode system. 


Stranded Conductors — 310-3 


Conductors #8 and larger installed in raceways must 
be of the stranded type. This requirement is to 
protect the insulation when the conductor is pulled 
through 90° bends and offsets in the conduit. Solid- 
type conductors are not as flexible as stranded 
conductors. 


Conductors in Parallel — 310-4 


No conductor smaller than #1/0 may be run in 
parallel. Only conductors #1/0 and larger may be 
terminated in a parallel hookup on switchboards, 


motor control centers, etc. No conductor smaller than 
#1/0, including the grounded conductor, shall be run 
in parallel. For conductors in parallel, the following 
conditions must be met: 

1. All conductors must be the same size to ensure 
the same resistance in each conductor and allow the 
current to divide equally on each conductor. (A #2/0 
conductor and a #3/0 conductor could not be used in 
a parallel hookup. The conductors would have to be 
all #2/0 or all #3/0.) 

2. All conductors must be the same length to ensure 
the same resistance in each conductor. 

3. All conductors must have the same type of in- 
sulation. For example, a TW-insulated conductor 
cannot be paralleled with a THW-insulated conductor. 

4. All conductors must be the same material. For 
example, copper conductors cannot be paralleled 
with aluminum conductors. 

5. To be considered parallel, conductors must be 
terminated with solid connections at both end ter- 
minals (Figure 3-52). 


PHASE A 
PHASE B 
PHASE C 


== 


THREE #1/0 THW COPPER 
CONDUCTORS PARALLEL PER 
PHASE WITH CONNECTED 
LOAD OF 420A 


RACEWAY 


420A 140A 


. All conductors must be the same size. 

. All conductors must be the same length. 

. Insulation must be the same type. 

. All conductors must be of the same material. 


a fk ON = 


. Paralleled conductors must be attached in the 
same manner. 


310-4 
300-56) 
300-20(b) 


Figure 3-52. Five rules for installing conductors in parallel per 
phase. Application of these rules will assure equal resistance 
in each conductor per phase. Current-carrying conductors are 
derated per Note 8(a) of Notes to Ampacity Tables of 0 to 
2000 Volts. 


NOTE: If parallel conductors are installed in separate 
conduits, Note 8(a) of Notes to Ampacity Tables of 0 
to 2000 Volts does not apply. However, if the parallel 
conductors are installed in the same conduit, Note 
8(a) applies (Figure 3-53). 
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SERVICE EQUIPMENT 


TRANSFORMER 


EIGHT # 3/0 THW COPPER CONDUCTORS 
IN SINGLE CONDUIT 


DERATING FACTORS SHALL BE APPLIED 


310-4; Note 8(a) of Notes to Ampacity Tables of 0 to 2000 Volts 


Figure 3-53.When conductors are paralleled, and more than three current-carrying conductors are installed in a raceway, derating 
factors of Note 8(a) of Notes to Ampacity Tables of 0 to 2000 Volts apply. 


Exception No. 1. Conductors #20 or larger shall be 
permitted in parallel to serve elevator lighting cir- 
cuits, provided the ampacity is at least that of a #14 
conductor. 


Exception No. 2. Control-circuit conductors may be 
run in parallel in all sizes to furnish power to control 
relays, contactors, etc. 


Exception No. 3. For frequencies of 360 hertz or 
Z 18-2 W/GND 


6' OR LESS = 


JUNCTION BOX 
## 18 OR LARGER CONDUCTORS 


EX 3 


# 16 OR LARGER CONDUCTORS 


CONTROL UNIT 


310-5, Ex. 1 through 5 
400-7 


EXCEPTION No. 1 
Size #18 and larger conductors may be used for 
flexible cords. 


higher, conductors smaller than 1/0 can be connected 
in parallel. 
Minimum Size of Conductors — 310-5 


This section lists the minimum sizes of conductors 
used with the different wiring methods. The smallest 
conductor permitted for general wiring is #14 copper 
or #12 aluminum (Figure 3-54). 


Exception No. 1. Section 400-12 permits #18 and 
larger conductors to be used for flexible cords. 


ELEVATOR (620-12) 


# 20 OR LARGER 
CONDUCTORS 


EXCEPTION No. 2 


Size #18 and larger conductors may be used for 
fixture wire. 


EXCEPTION No. 3 

Size #18 and larger conductors may be used for 
fractional-horsepower motors. See 430-22(b) and 
430-145(b). 


EXCEPTION No. 4 
Size #16 and larger conductors may be used for 
control wiring to cranes and hoists. See 610-14. 


EXCEPTION No. 5 
Size #20 and larger conductors may be used for 
elevator controls and signal circuits. 


Figure 3-54. Minimum sizes of conductors used for various wiring methods. 
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Exception No. 2. Section 410-24(b) permits #18 and 
larger conductors to be used for fixture wire. 


Exception No. 3. If the junction box for a fractional- 
horsepower motor is mounted no more than 6’ from 
the motor, 430-22 permits the conductors to be #18 
or larger. 


Exception No. 4. Section 610-14 permits #16 and 
larger conductors to be used for crane and hoist 
control circuits. 


Exception No. 5. Section 620-12 permits #20 and 
larger conductors to be used for elevator control and 
signal circuits. 


Exception No. 6. Section 725-16 permits #18 and 
larger conductors to be used for remote-control and 
signal circuits. 


Exception No. 7. Sections 760-16, 760-25, and 760-51 
permit #14 conductors and smaller to be used for fire- 
protection signaling circuits. 


Exception No. 10. Conductors may be as small as 
#18 when used for motor control circuits per 430-72. 


Shielding — 310-6 

Solid dielectric insulated conductors operating at or 
above 2,000 volts must have ozone-resistant insula- 
tion. These conductors must be shielded. Nonshielded 
conductors listed by a qualified testing laboratory are 
exempt from this rule. 


Direct Burial Conductors — 310-7 
Cables to be used for direct burial must be approved 
for that purpose. Type USE or UF cable (600 volts 
or less) shall be buried in the earth at a depth not 
less than 24”. See Table 300-5. High-voltage cables 
shall be buried at a depth of at least 30”. See Table 
710-3(b) with exceptions. Direct burial cables rated 
above 2,000 volts shall be shielded. However, 710-3 re- 
quires nonshielded cables to be installed in conduit. 
The exception to 310-7 permits the use of nonshielded, 
multiconductor cables for direct burial in ratings up 
to 5,000 volts. 


Wet Locations — 310-8 
Conductors used in a wet location must be desig- 
nated witha “W” (RHW, THW, etc.). This designation 


indicates the conductor is suitable for wet locations 
(Figure 3-55). 


CONDUCTOR’S INSULATION 
a CONDUCTOR 
310-8(a) 


Figure 3-55. Conductors used in wet locations shall be 
designated with a “W” (TW, THW, THWN, THHW, XHHW, 
RHW, RUW) or other approval marks. 


Conductor Identification — 310-12 

Part (a) lists the colors of the grounded neutral con- 
ductor. White or gray must be used for #6 or smaller 
sizes. For #4 and larger sizes, neutral conductors do 
not have to be white or gray but may be painted or 
colored white at all boxes, outlets, and terminals. 

Part (b) lists the colors of insulated grounding con- 
ductors. Solid green or green with yellow stripes must 
be used for #6 and smaller sizes. For #4 and larger 
conductors, all insulation must be removed at every 
box or outlet, or the insulation must be painted green 
at every box or outlet. 

Part (c) permits ungrounded conductors to be any 
color other than green, white, or natural gray. The 
ungrounded conductors may be all black, or any 
combination of colors (black, red, blue, etc.) except 
green, white, or gray. See 210-4(d). 


Ampacity of Conductors — 310-15 


Ampacities of conductors according to their voltage 
ratings are listed in Tables 310-16 through 310-19. 


FLEXIBLE CORDS AND CABLES — 
400 


Cords must be suitable for the location and condition 
of use. In locations where the cord is subject to 
abrasion or dragging, a hard usage cord must be used. 
Table 400-4 lists the different types of cords and kind 
of service for which each cord may be used. Cords are 
of three types: (1) not for hard usage, (2) for hard 
usage, and (3) for extra-hard usage. 


AMPACITY OF FLEXIBLE CORD 
AND CABLES — 400-5 

The ampacities of the different types of cords are listed 
in Table 400-5(A). Ampacity is determined by the 
number of conductors carrying current in the cord. 


Column B of 400-5 is used for two conductors (higher 
ampacity). Column A of 400-5 is used for three con- 
ductors. If four or more conductors are used, Column 
A should be multiplied by the number of conductors. 
Notice that the ampacity depends upon the number 
of conductors carrying current, not on the total 
number in the cord. 

An equipment grounding conductor is not con- 
sidered to be a current-carrying conductor. The neutral 
conductor, carrying only the unbalanced current, is 
also not considered a current-carrying conductor. 

A conductor used to ground the metal frame of 
ranges or dryers, and also carrying the unbalanced 
current from the phase conductors, is not considered 
a current-carrying conductor (Figure 3-56). 


Uses Permitted — 400-7 


Flexible cords and cables approved for use by 400-7 
include only those attached to appliances and similar 
equipment. Extension cords are not included in this 
section but are covered in Article 305. 

Uses permitted for flexible cords and cables are 
limited to pendants, fixture wiring, appliance or 
portable lamp connections, elevator cables, wiring of 
cranes and hoists, connections for stationary equip- 
ment allowing frequent interchange, prevention of 
noise or vibration transmission, appliances that must 
be removed for maintenance or repair, and data 
processing equipment. 


TYPE SO CORD 


NINE #4 CONDUCTORS 


400-5; 
Table 400-5(A) 


PROBLEM: What is the ampacity rating of 
each conductor? 
STEP 1:400-5. 


Nine #4 conductors require a 70% 
derating factor. 


STEP 2: Table 400-5/A) 
Size #4 has a 60-amp rating. 
STEP 3:60 amps x 70% = 42 amps 


ANSWER: Size #4 conductors have a rating of 42 
amps. 


Figure 3-56. Using derating factors when a cord has more than 
three current-carrying conductors. 
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Portable lamps and appliances must not be per- 
manently wired or plugged into a light socket in a 
fixture. Cords for portable lamps and appliances must 
be equipped with plugs and plugged into a receptacle 
(Figure 3-57). 
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Figure 3-57. Various uses for flexible cords and cables. 
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Uses Not Permitted — 400-8 


Flexible cords and cables must not be used for wiring 
under certain conditions. Generally, they must not be 
permanently attached, concealed, passed through 
walls, ceilings, floors, door openings, etc. Also, they 
must not be used as a substitute wiring method 
(Figure 3-58). 


Splices — 400-9 

Flexible cords must be in continuous (unbroken) 
lengths without splices or taps. Splices of #12 and 
larger cords may be made only in hard usage cords. 


USE AS A SUBSTITUTE 
FOR BUILDING WIRING. 


PASS THROUGH WALLS, 
CEILINGS, OR FLOORS. 


The types of hard usage cords listed in Table 400-4 
are:S,SO,SJ,SJO, ST, STO, SJT, SJTO, and AFS. 


Pull at Joints and Terminals — 400-10 
Cords must be connected to devices or fittings to 
relieve strain on the cord. Anunderwriter’s knot, with 
a knot on two conductors, is one way to relieve the 
strain (Figure 3-59). 


Overcurrent Protection — 400-13 


Separate overcurrent protection is not required for 
cords. The branch circuit or fuse may serve as the 


DO NOT 


PASS THROUGH DOORWAYS, 
WINDOWS, OR SIMILAR OPENINGS. 


al 
? Ik 
DO NOT DO NOT 
CONCEAL BEHIND WALLS, PERMANENTLY ATTACH TO 
CEILINGS, OR FLOORS. BUILDING SURFACES. 
VIOLATIONS 


400-8 


Figure 3-58. DO NOT use flexible cords and cables as shown. 


400-10 


Figure 3-59. An underwriter’s knot may be used to relieve strain 
on a cord. 


protection. A 20-amp fuse or circuit breaker may 
protect a #18 cord and tinsel cord. A 30-amp fuse or 
circuit breaker may protect a cord with a 13-amp 
capacity. A 40-amp or 50-amp fuse or circuit breaker 
may protect a cord with a 20-amp capacity. Table 400-4 
lists the general types of cords. Table 400-5 lists the 
ampacities of the different types of cords. Section 240-4 
lists the overcurrent protection for conductors of dif- 
ferent sizes used in cords (Figure 3-60). 


OVERCURRENT PROTECTION DEVICE 
PLUGS 


ys 


CORDS 


240-4; 400-13 


Figure 3-60. Separate overcurrent protection is not required for 
cords. 


Identification of Grounded Conductor 
— 400-22 

The grounded neutral conductor may have white or 
natural gray insulation or a white or natural gray 
braid. It also may be identified by a tracer in the 
braid, a tinned conductor, or even by a white or natural 
gray separator. 


Identification of Grounding Conductor 
— 400-23 

When an insulated conductor is used to ground the 
noncurrent-carrying parts of equipment, the con- 
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ductor’s insulation must always have a green color in 
the insulation, covering, or braid. 


Attachment Plugs — 400-24 


Attachment plugs supplied by a cord must have a 
grounding prong with an equipment grounding con- 
ductor. The prong and equipment grounding conductor 
are used to ground equipment (Figure 3-61). An 
equipment grounding conductor is not required for 
double-insulated equipment. See 250-45(c), Ex. 


GROUNDING PRONG 


ATTACHMENT 
CAP 


3W CORD W/GND 


EQUIPMENT 
GROUNDING CONDUCTOR 


RECEPTACLE 
400-24 


Figure 3-61. An equipment grounding conductor must be provided 
in flexible cords. 


FIXTURE WIRES — 402 


Fixture wires may be used only for connecting a fixture 
to the branch-circuit conductors. They must not be 
used for general wiring, except for signaling and 
communication circuits. 


Approved Types — 402-3 


This table lists trade names for conductors and 
denotes solid or stranded wire. For stranded wire, the 
number of strands is given. Conductor insulation and 
outer cover protection are given. Also, operating 
temperatures and application provisions for installing 
conductors are listed. This information allows proper 
conductor selection for various installation conditions. 


Ampacity and Minimum Size of Fixture 
Wires — 402-5 


The ampacity of conductors varies according to the 
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sizes of the conductors. Ampacities for different 
fixture wire sizes are: 


Wire Sizes Ampacity 
#18 6 amps 
#16 8 amps 
#14 17 amps 
#12 23 amps 
#10 28 amps 


Minimum Size — 402-6 

The smallest fixture wire permitted to wire fixtures is 
#18. Wires smaller than #18 would not safely carry 
sufficient ampacity for fixture loads. 


Number of Conductors in Conduit — 
402-7 

Table 2 in Chapter 9 lists the number of fixture wires 
permitted in a conduit or tubing. This table may be 
used when the fixture wires are the same size. 


Identification of Grounded Conductor 
— 402-8 

Section 400-22(a-f) lists the methods of identifying 
the neutral if itis not marked or identified by means of 
stripes in the insulation of the wire. 


Uses Permitted — 402-10 


Fixture wires are used for wiring fixtures or connecting 
the fixture wires to the branch-circuit conductor 
supplying the fixture. They must be installed in en- 
closed or protected areas and must not be twisted or 
bent. 


Overcurrent Protection — 402-12 


A 20-amp or less fuse or circuit breaker may protect 
#16 and #18 fixture wires. A 30-amp or less fuse or 
circuit breaker may protect a #14 fixture wire. 
Section 240-4 lists the overcurrent protection for 
fixture wires. 


SPECIAL EQUIPMENT THAT MAY 
BE CORD-AND PLUG-CONNECTED 


The NEC allows certain types of equipment to be 
connected by cords and plugs. Flexible cords are 
recognized for many types of usages. However, they 
are often misused by the general public, sometimes 
resulting in fires. 


Flexible Cords Used with Lighting and 
Appliance Branch Circuits — 210-23 


When lighting units and portable cord- and plug- 
connected appliances are supplied by the same 15- 
amp or 20-amp branch circuit, 50% of the branch 
circuit may be used for the lighting load and 50% for 
the appliance load. For example, a 20-amp branch 
circuit permits 10 amps for the lighting load and 10 
amps for the appliance load (Figure 3-62). 


20 A OVERCURRENT PROTECTION DEVICE 


10 A LIGHTING LOAD (50%) 10 A APPLIANCE LOAD (50%) 


210-23(a) 


Figure 3-62. In circuits of 20 amps or less, 50% of the circuit may 
auon the lighting load and 50% may supply the portable appliance 
oad. 


Flexible Cords Used with Showcases — 
410-29 


Portable showcases in groups of six or less may be 
connected by flexible cord to permanently installed 
receptacles. The grouped showcases may be coupled 
together by flexible cord. The cord must not be 
exposed to physical damage, and the separation 
between cases must not exceed 2”. The distance 
between the first showcase and the supply receptacle 
must not exceed 12” (Figure 3-63). 


RECEPTACLE 


FLEXIBLE CORDS 


410-2%c) 


Figure 3-63. Flexible cords may be used to connect six or fewer 
grouped showcases. 


Flexible Cords Used with Electric- 
discharge Fixtures — 410-30(c) 


Electric-discharge fixtures located below an outlet 
box may be cord- and plug connected. The cord must 
be visible for its entire length outside the fixture and 
terminate with a grounded type of attachment cap. 
For example, the space from the floor to the ceiling 
must be open. A suspended ceiling would not comply 
with this type of installation (Figure 3-64). 
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FIXTURE 


410-30(c) 


Figure 3-64. Flexible cord must be exposed for its entire length 
when used to connect electric-discharge lighting fixtures. 


Portable Lamps — 410-42 


Portable lamps must be wired with flexible cord. The 
attachment plug must be polarized or grounded. 
Edison-base lampholders are often utilized in por- 
table lamps. These lampholders must be properly 
grounded. 

Manufacturers must provide portable lamps witha 
metal shell, insulated handle, and lamp guard. If the 
guard is metallic, it must be grounded. Bushings 
protect the flexible cord at the handle entry. 


Flexible Cords Used with Heating and 
Kitchen Appliances — 422-8 

Heating appliances may be connected by cord and 
plug. Kitchen waste disposals may also be connected 
by cord and plug, provided the length of the cord is 
not less than 18” and not over 36”. Built-in dish- 
washers and trash compactors may be cord- and plug- 
connected, provided the length of the cord is not less 
than 3’ and not over 4’ (Figure 3-65). 


Flexible Cords Used with Wall-mounted 
Ovens and Counter-mounted Cooktops 
— 422-17 

Wall-mounted ovens and counter-mounted cooking 
units may be cord- and plug-connected. A separable 
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Figure 3-65. Flexible cord from 18” to 36” long may be used to 
connect disposals. Flexible cord from 36” to 48” long may be used 
to connect built-in dishwashers or compactors. 


connector or a plug may be used to disconnect the 
unit for servicing or installation. It is not allowed, 
however, to serve as the disconnecting means re- 
quired by 422-20 (Figure 3-66). 


LOCKABLE 
OCPD'S 


WALL OVEN 


COOK TOP 


FLEXIBLE 
CORD 


FLEXIBLE CORD 


422-17 


Figure 3-66. Flexible cord may be used to connect wall ovens and 
cooktops. These appliances may also be permanently wired. 


OCPD Serving as Disconnect — 422-21(d) 


The OCPD in the service panel can serve as the dis- 
connecting means where it can be locked in the 
open position. 


Flexible Cords Used with Ranges — 
422-22 


A separable connector or attachment plug and 
receptacle may serve as the disconnecting means for 
cord- and plug-connected appliances. A plug and 
receptacle connection at the rear base of a range, if 
accessible by the removal of a drawer, may serve as 
the disconnecting means (Figure 3-67). 
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CORD AND PLUG 


REMOVAL 
DRAWER 


FLEXIBLE CORD 


422-22(b) 


Figure 3-67. Flexible cord may be used to connect a range. It may 
serve as the disconnecting means if the plug is accessible by a 
drawer space on the front of the range. 


Flexible Cords Used with Motors — 
430-42 


Motors may be cord- and plug-connected. For por- 
table motors of '4 horsepower or less, the controller 
may be an attachment plug and receptacle according 
to 430-81(c). See 430-109, Exception No. 5. 


Flexible Cords Used with Air 
Conditioners — 440-63 and 440-64 


A flexible cord may be used to supply a room air 
conditioner if the length of the cord does not exceed 
10’ for anominal 120-volt unit or 6’ for anominal 208- 
volt or 240-volt unit. An attachment plug and recep- 
tacle may serve as the disconnecting means for a 
single-phase room air conditioner at 250 volts or less. 
The controls on the air conditioner must be readily 
accessible and located within 6’ of the floor. The 
manually operated switch must be within sight from 
the air conditioner (Figure 3-68). 


Flexible Cords Used to Facilitate 
Replacements of Controls in Class I, 
Division 1 Locations — 501-3(b)(6) 


Flexible cords may be used to facilitate replacements 
in process control instruments in Class I, Division 1 
locations. The cord must not exceed 3’ and must bea 
type approved for extra-hard usage. The attachment 
plug and receptacle must be of the locking and 
grounding type (Figure 3-69). 


ROOM AIR CONDITIONER 


CONTROLS 250 V OR LESS 


ATTACHMENT CAP 
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Figure 3-68. Flexible cord may be used to connect a room air 
conditioner. It may serve as the disconnecting means if the unit 
controls are accessible (less than 6’ from the floor). 


PROCESS CONTROL INSTRUMENT 


LOCKING TYPE RECEPTACLE 
AND PLUG CAP 


POWER CORD (36” MAX) 


501-3(b)(6) 


Figure 3-69. Flexible cord may be used to facilitate replacements 
for process control instruments in Class I, Division 1 locations. 
Receptacles must carry a warning not to unplug under load. 


Flexible Cords Used for Motor 
Connection, Class I, Division 2 
Locations — 501-4(b) 


Flexible cords may be used in Class I, Division 2 
locations where provision is made for flexibility. The 
cord must be approved for extra-hard usage and must 
be equipped with a grounding conductor (Figure 
3-70). 


FLEXIBLE CORD 


MOTOR ( NOT EXPLOSION- 
PROOF TYPE) 


Figure 3-70. Flexible cord may be used to connect motors and 
other equipment requiring limited flexibility. The cord must be 
rated for extra-hard usage and have a grounding conductor. 


Flexible Cords Used in Class I, Divisions 


1 and 2 Locations — 501-11 


Flexible cords may be used in connections between a 
portable lamp or other portable utilization equipment. 
The cord must be the extra-hard usage type with a 
grounding conductor. It must be supported by clamps 
or other approved means. Seal-offs must be provided 
where the cord enters explosion-proof enclosures. 
See 502-12 and 503-10 for Class II and Class HI loca- 
tions using flexible cords (Figure 3-71). 

RECEPTACLE 

(FACTORY SEALED) 
PLUG 


PORTABLE EQUIPMENT 
FLEXIBLE CORD 


Figure 3-71. Flexible cord may be used to connect portable lamps 
or portable utilization equipment in Class I, Divisions 1 and 2 
locations. 


Flexible Cords Used with Mobile 
Homes — 550-5(b) and 550-5(d) 

A flexible cord may be used for the power supply to 
connect the power feeder circuit from the service 
equipment installed adjacent to a mobile home to the 
feeder panel mounted in the mobile home. The power 
supply cord must be between 21’ and 36’-6” long with 
at least 20’ of the cord measured from the face of the 
attachment plug. NOTE: The power supply cord may 
enter at any point on the mobile home (Figure 
3-72). 


FEEDER PANEL 


SERVICE 
EQUIPMENT 


MOBILE HOME 


CORD 21’ TO 36 1/2’ 
550-5(b); 550-5(d) 


Figure 3-72. Flexible cord may be used as the power supply cord 
from service equipment to a feeder panel inside a mobile home. 


Flexible Cords Used with Swimming 
Pools —680-6(a)(1), Exception; 

680-6(b)(3); 680-7; and 680-25(e) 

Fixed or stationary equipment of 20 amps or less for 
swimming pools may be connected with flexible cord 
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to facilitate removal for maintenance or repair of the 
equipment. The flexible cord must have an equipment 
grounding conductor not smaller than #12. The 
flexible cord must not exceed 3’ in length and must 
have a grounding type of attachment plug. NOTE: 
This requirement does not include storage pools 


(Figure 3-73). 


FIXED OR STATIONARY 
EQUIPMENT (20 A OR LESS) 


FLEXIBLE CORD (3’ MAX) 


ATTACHMENT CAP 
(GROUNDED TYPE) 


680-6(b\(3); 680-6(aX1), Ex. 
680-7; 680-25(e) 


Figure 3-73. Flexible cord may be used to facilitate removal of 
swimming pool equipment for maintenance or repair. 


Flexible Cords Used with Emergency 
Battery Pack — 700-1 2(f) 


A battery-powered emergency lighting unit may be 
connected by flexible cord. The cord must not exceed 
3’ in length and must have a removable attachment 
cap (Figure 3-74). 


BATTERY POWER PACK 


CORD 
700-12(f) 


Figure 3-74. Flexible cord may be used to connect battery power 
packs for emergency lighting. 


SELECTING CONDUCTORS USING 
THE NEHR-MCGRATH METHOD 


Ten tables are used to size and select the ampacity 
of conductors in aboveground and underground in- 
stallations. The tables cover various conditions of con- 
ductors installed in raceways in free air, cables in free 
air or in raceways, and underground installations. The 
ampacity in the tables have different values of cur- 
rent based on the ability of varying conditions to 
dissipate heat. Table B-310-11 is applied for more 
than three current-carrying conductors in a raceway 
or cable. 

The tables permit the ampacity of conductors to be 
increased or decreased according to the ambient 
temperature. Where the ambient temperature is less 
than the designated ambient of the tables, the am- 
pacity of the conductors can be increased. If the am- 
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bient temperature surrounding the conductors is 
greater, the ampacity must be decreased by the 
percentage listed in the tables for conductors installed 
in raceways. 

The tables refer either to raceways in free air or 
underground. Ducts include rigid, IMC, EMT, and 
PVC. Raceways embedded in concrete floors or 
building walls are considered raceways in free air. See 
Figure 3-75 for a step-by-step procedure for determin- 
ing the ampacity of conductors by applying the Nehr- 
McGrath method using Table B-310-7. 


SELECTION OF CONDUCTORS 


Where conductors are routed inside and outside the 
premises, the size of the conductors shall be selected 
from the most restrictive case. For example, conduc- 
tors are run from the service panel inside the building 


FINISHED GRADE 
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THREE | 7.5" MINIMUM 


#2/0 THWN CU. 
CONDUCTORS 
IN EACH CONDUIT 


PROBLEM: Three #2/0 THWN copper conductors are 
run underground in conduit. What is the ampacity of 
each conductor at a Rho of 90 and LF of 100? 


STEP 1: Table B-310-7. 
three #2/0 THWN Cu. = 166A 


ANSWER: 166 A 


PROBLEM: What is the ampacity of each conduc- 
tor if the ambient temperature is 30°C? 


STEP 1: Table B-310-7, correction factors. 
166 A x 90% = 149.4A 


ANSWER: 149.4 A 


PROBLEM: What is the ampacity of each conduc- 
tor if the ambient temperature is 8°C? 


STEP 1: Table B-310-7, correction factors. 
166 A x 109% = 180.94 A 


ANSWER: 180.94 A 


Figure 3-75. Computing the ampacity of conductors using the 
Nehr-McGrath method. 


to a weatherhead on the outside of the building and 
then run overhead to a pole where they are routed 
underground to a load. The ampacity of each wiring 
method is selected from the following tables. 

1. Table 310-16—inside of building 

2. Table B-310-2—support on aerial 

3. Table B-310-7—underground duct 

For the selection of the proper sized conductor for 
each installation, the following items must be con- 
sidered: 

1. Maximum load current 
2. Temperature and voltage rating of cable 
3. Temperature rating of terminal devices 
4, Cable installation method—direct buried, un- 
derground ducts, conduit, cable tray or aerial 
(based on the proper NEC ampacity tables) 
NOTE: The cable size selected must be based on the 
most restrictive case. 

Figure 3-76 illustrates a step-by-step procedure on 
selecting the size conductors where conductors are 
routed inside and outside of a building using different 
wiring methods. 


CONDUCTORS SUPPORTED 
AERIAL BY MESSENGER 


UNDERGROUND DUCT 


PROBLEM: What size THWN copper conductors are 
required to supply a motor where the conductors are 
run inside the building and outside the building over- 
head and underground? All conductors are used at 
Rho 90 and LF 100. 


STEP 1: Table 430-150. 
125 HP = 156A 


STEP 2: 430-22/a). 
156 A x 125% = 195A 


STEP 3: Selecting Conductors: 

(a) Table 310-16 (inside) 
75°C = No. 3/0 

(b) Table B-310-2 (overhead) 
75°C = No. 2/0 

(c) Table B-310-7 and Figure B-310-2 

Detail 1 (underground) 

C3 = Who, AG 


ANSWER: THWN Cu. = No. 3/0 


Figure 3-76. Sizing conductors using Table 310-16, Table 
B-310-2, and Table B-310-7 for a wiring system routed inside 
and outside of a building. 
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Circle T (true) or F (false) for each statement. Enter the NEC section number that supports your answer in the 
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When the ampacity of a conductor does not correspond with a standard size 
overcurrent protection device, the next higher size may be used up to 800 
amps. 


CAN 
The primary protection on a transformer-must not be used to protect the 
secondary conductors of a two-wire-to-two-wire transformer. 


A 10’ tap may be taken from larger feeder conductors if the tap conductors are 
sized to feed the load or device serviced. 


Standard overcurrent protection devices start at odd sizes up to 50 amps and 
even sizes up to 100 amps. 


Circuit breakers that are not marked with an IC rating may be considered to 
have an IC rating of 5,000 amps. 


When applying the 25’ tap rule for transformers, the secondary protection devices 
must not exceed the output of the transformer. 


When the 28’ tap rule is applied, the ampacity of the tap conductors must be at 
least one-third the rating of the feeder conductors or overcurrent protection 
device. 

Supplementary overcurrent devices are not required to be readily accessible. 
Feeders complying with 230-95 require GFI protection. 


dok me £ X N s s 
The general rule permits an overcurrent device to be placed in series with a 
grounded conductor. 


OCPD’s may be installed in clothes closets and bathrooms of dwelling units. 
Conductors smaller than #1/0 can be connected in parallel for frequencies less | 
than 360 hertz. 

THW insulation may be used in wet locations. 

Conductors that are used for direct burial must be a type listed for such use. 


A CB with a slash voltage marking of 480/277 V can be used only with 
grounded neutral systems. 


When five current-carrying conductors are installed in the same conduit, a 
pe derating factor must be applied. 


When a neutral conductor carries only the unbalanced current from other 
conductors, such as in circuits with three or more conductors, the provisions of 
Note 8(a) of Notes to Ampacity Tables of 0 to 2000 Volts does not apply. 
Derating factors do not apply to nipples 24” or less in length. 

Type G or W cable can be used to supply stage equipment. 


Fixture wires must not be smaller than #14. 
#19 
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Design Problems 


Enter the answer(s) to each question and the NEC section number(s) that supports your answer(s) inthe space 


provided. 
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What size overcurrent protection device is required to supply 
an 80-amp continuous duty load? 


What is the ampacity of a #1,000 kcmil THHN copper 
conductor? 


What is the ampacity of four #4/0 THW copper conductors 
parallel-per-phase and installed in the same conduit? 


What is the ampacity of twelve current-carrying #4 THWN 
aluminum conductors installed in the same conduit? 


What size tap conductors are required to tap a circuit from four 
#600 kcmil THW copper conductors? (Apply the 25’ tap rule.) 


What is the ampacity of two #8 THHN copper conductors 
installedin an area with a surrounding ambient temperature 
oF 207 i? > 


What size tap conductors and OCPD are required to tap a 
circuit from four #250 kcmil XHHW copper conductors and 
supply a 49-amp continuous load? (Apply the 10’ tap rule, 
using XHHW 90° copper conductors.) 


What size tap conductors are required using THW copper con- 
ductors tapped from #500 kcmil THW copper conductors pro- 
tected by a 400-amp circuit breaker? (Apply the 100’ tap rule.) 


What size THWN copper conductors and OCPD are required 
to supply an outside water pump that pulls 59.4 amps? The 
conductors are pulled in conduit inside the building and 
underground in conduit outside the building to the pump. 


What size tap conductors are required using THW copper for 
a 480-volt primary and 120/240-volt secondary of a 30-kVA 
transformer supplying a 48-amp continuous load? The feeder 
circuit consists of #2/0 THW copper conductors protected 
by a 175-amp circuit breaker. (Apply the 25’ tap rule.) 


Would #12 THWN copper conductors supply ten fluorescent 
lighting fixtures pulling 1.8 amps each for eight hours per 
day? (Base conductors on OCPD.) 


What size THWN copper conductors are required to supply 
eight rows of fluorescent lighting fixtures with seven fixtures 
in each row and with a ballast pulling 1.5 amps for each 
fixture? Eight circuits with three neutrals are run in a conduit 
to a junction box. (Loads have diversity on a 120/208 V system.) 


What is the total ampacity of four #4/0 THHN aluminum con- 
ductors parallel-per-phase for a 480/277-volt, four-wire system 
and installed in each conduit? 


What is the ampacity of three #1/0 THWN copper conductors 
supplying a motor in an area with an ambient temperature of 
1S ee 


CHAPTER 


EQUIPMENT DESIGN 


AND USE 


Lighting fixtures, appliances, and fixed electric space-heating equip- 
ment must be wired according to provisions of the NEC. In recent 
years, the number and type of appliances, fixtures, and heating 
equipment available for new installations and remodeling work have 
increased dramatically. 

Refrigerators, freezers, stoves, washers, dryers, food processors, 
blenders, toasters, microwave ovens, dishwashers, compactors, 
disposals, electric furnaces, wall heaters, and the complete range of 
fixed and portable electrical equipment in use today require careful 
study of applicable sections of the NEC for proper installation. Con- 
ductors, branch circuits, and overcurrent protection devices must be 
designed and installed properly for safe electrical operation of this 


equipment. 


LIGHTING FIXTURES — 410 


This article gives rules governing the construction 
and installation of lighting fixtures, lamps, and re- 
ceptacles to provide safety from shock and fire. 


Fixtures in Wet and Damp Locations — 
410-4(a) 

Lighting fixtures are ordinarily intended to be installed 
in dry locations, meaning inside a building rather than 
outside, and protected from moisture. A fixture 
marked for wet locations may be installed inside or 


CAR WASH 


BUILDING 


CANOPY 
FIXTURE 


outside in either wet or damp locations (Figure 4-1). 
A fixture marked for damp locations is not suitable for 
installations in wet locations. Accumulation of moisture 
can deteriorate the parts of fixtures not designed for 
installation in wet locations. 


Fixtures in Corrosive Locations and in 
Ducts or Hoods — 410-4(b, c) 


Fixtures installed in areas subject to corrosive condi- 
tions must be approved for such conditions (Figure 
4-1). Fixtures installed in range hoods must meet 
several requirements as specified in Part c. 
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Figure 4-1. Fixtures must be suitable for the locations where they are installed. 
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Hanging Fixtures — 410-4(d) 

The bottom of hanging fixtures must be no closer 
than 8’ to the top rim of a bathtub in a zone measured 
3’ horizontally. This prevents a person from being 
able to reach the fixture from the bathtub (Figure 4-2). 
Cord-connected fixtures are considered hanging fix- 
tures and must comply with requirements of 410-4(d). 


HANGING FIXTURE 


J 
~~ 


BATHTUB 


410-4(d) 


Figure 4-2. Hanging fixtures must be at least 8’ above the top 
of a bathtub and not within 3’ horizontally of any edge of the tub. 


Fixtures near Combustible Material — 
410-5 

Many fires have been caused by incandescent lighting 
fixtures being mounted too close to combustible 
material. Incandescent lighting fixtures create a great 
amount of heat and must be equipped with a shade or 
guard to provide protection between this heat and 
combustible material. These fixtures are clearly 
marked for the maximum size light bulb allowable. 
Larger bulb sizes should not be substituted (Figure 
4-3). 


Fixtures over Combustible Material — 
410-6 


Fixtures over combustible material must not have a 
switch as part of the fixture. Each fixture must have 
its own remote wall switch, or the lampholders of the 
fixture must be at least 8’ above the floor. Alternatively, 
the fixtures may be guarded or positioned so that 
lamps cannot be removed or broken (Figure 4-4). 


Fixtures in Show Windows — 410-7 


Externally wired lighting fixtures are not allowed in 
show windows unless they are chain-supported. Fix- 
tures attached directly to a ceiling or wall box are not 
considered externally wired and may be used in show 
windows (Figure 4-5). 


oa 14-2 CABLE W/GND 


s COMBUSTIBLE 
MATERIAL 


OCTAGON BOX 


410-5 


Figure 4-3. Fixtures must have shades or guards to protect com- 
bustible material from heat. 
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Figure 4-4. Light fixtures mounted over combustible fixtures 
must not have an integral switch. If mounted less than 8’ from the 
floor, they must have a shade or guard. 
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Figure 4-5. Chain-supported fixtures are permitted in show 
windows. 


Fixtures in Clothes Closets — 410-8 


Wall-mounted lighting fixtures in clothes closets shall 
be installed over the door to prevent clothes from 
being hung over the fixture and to keep the fixture 
away from combustible material. A completely en- 
closed incandescent lighting fixture may be installed 
on the wall above the door if there is at least 12” of 
clearance between the fixture and the nearest storage 
area. The fixture may be mounted on the ceiling if 
there is 12” of clearance from the nearest storage 
area. 

Fluorescent or incandescent, flush or recessed (with 
solid lens) fixtures may be installed on closet ceilings. 
A recessed incandescent fixture shall have at least 6” 
of clearance from the nearest storage area. A fluores- 
cent fixture also shall have 6” of clearance from the 
nearest storage area. Fixtures hanging from a cord 
(pendants) are not allowed in clothes closets (Figure 
4-6). 
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Figure 4-6. Positioning incandescent and fluorescent fixtures 
in clothes closets. 


Space for Cove Lighting — 410-9 


Space must be provided for ready access for main- 
tenance and replacement of lamps or fixtures. In 
addition, lamps or fixtures must have space enough 
for ventilation to dissipate heat and thus protect 
against high-temperature deterioration (Figure 4-7). 
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Figure 4-7. Cove lighting fixtures must be accessible for servicing 
and changing lamps. 


Temperature Limit of Conductors in 
Outlet Boxes — 410-11 


Branch-circuit conductors are not permitted to pass 
through outlet boxes that are an integral part of the 
lighting fixture without the box being approved for 
such purpose. The branch-circuit conductors and fix- 
ture wiring are subject to high temperatures and must 
have a rating to withstand the heat. 

Fixture whips are used to connect the fixture wiring 
to the branch-circuit conductors. A remote junction 
box is installed between the branch circuit and the 
fixture with the tap conductors in a 4’ to 6’ length of 
Greenfield. If the fixture is suitable for 60° C supply 
conductors, the branch-circuit conductors may ter- 
minate to the fixture wiring by being spliced in the 
fixture’s junction box. NOTE: If heat is generated 
into the fixture’s outlet box, the conductor’s insulation 
can become fried and cause a fire hazard (Figure 
4-8). 
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Figure 4-8. Fixtures must be constructed so that conductors are 
not subjected to temperatures higher than their rating. 
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Outlet Boxes to Be Covered — 410-12 


If the outlet box is not completely covered by the 
canopy of the fixture, it must be fitted with a cover. 
NOTE: Section 370-25 makes the same requirement 
(Figure 4-9). 
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Figure 4-9. An additional cover is not required if the fixture 
canopy covers the outlet box opening. 


Connection of Electric-discharge 
Lighting Fixtures — 410-14 

When fluorescent lighting fixtures are mounted in- 
dependently of their outlet boxes, the connections 
must be made through metal raceways, metal-clad 
cable (BX), AC cable, MI cable, nonmetallic raceways, 
or nonmetallic sheathed cable (Romex). When the fix- 
ture is remote and suspended below the outlet box, 
the connection may be made with type AC cable (BX), 
nonmetallic sheathed cable (Romex), EMT, flexible 
metal conduit (Greenfield), flexible cord, or any ap- 
proved means, Any fixture that is not supported by 
the outlet box that provides the branch-circuit con- 
ductors supplying the fixture wiring is governed by 
the rules of this section (Figure 4-10). 
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Figure 4-10.Two methods of wiring fluorescent fixtures. When a 
flexible cord is used, it must be visible for its entire length. 


Supports — 410-15 


A fixture must not be hung from the screw shell of a 
light socket if the fixture weighs over 6 lbs. or exceeds 


16” in any one dimension; other means of support 
must be devised (Figure 4-11). 


SUPPLY 


ETRA PEA 


J — SCREW SHELL 


FIXTURE e 


6 LBS. 16” MAX 


MAXIMUM ee 
WEIGHT 


ees 16” MAX m 


410-15(a) 


Figure 4-11. Fixtures weighing over 6 lbs. or exceeding 16” in any 
dimension must not be supported by the screw shell of alampholder. 


Fixture Supported by 
Metal Poles—410-15(b) 


Metal poles supporting fixtures shall have not less 
than a2” x 4” accessible handhole with a grounding 
terminal accessible from the handhole. Conductors 
may be routed through the pole and connected to the 
branch circuit supplying power to the fixture. See the 
exception, which allows the fixture to be mounted on 
the metal pole. 


Means of Support — 410-16 

Part a requires fixtures weighing over 50 lbs. to be 
independently supported by ceiling joists or other 
ceiling members. Substantial mounting support must 
be provided for heavy fixtures. Additional means of 
support may be added. A fixture weighing under 50 
lbs. may be mounted and supported by the outlet box 
(Figure 4-12). However, sometimes extra support is 
needed for fixtures of more than 25 lbs. Ceiling fans 
cannot weigh more than 35 lbs. per 370-23(b)(c) and 
422-18. 

Part b requires suitable opening space in the back 
of the fixture to permit access to the branch conductors 
and outlet box. All parts of the fixture wiring must be 
accessible for inspection without it being necessary 
to disconnect any wiring. 


OUTLET BOX 
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Figure 4-12. Outlet boxes may support fixtures weighing 50 lbs. 
or less. 


Part c requires fixtures supported by the framing 
member of suspended ceiling systems (gridwork-types) 
to have additional supports. Bolts, screws, rivets, or 
other mechanical means may be used. NOTE: The 
ceiling itself must be properly installed (Figure 4-13). 
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Figure 4-13. Suspended ceiling framing members must be 
securely attached to the building structure. 


Exposed Fixture Parts — 410-18 


Part a requires the exposed metal parts of the fixture 
(if any) to be connected to the equipment grounding 
conductor (if any) (Figure 4-14). This connection of 
the fixture’s exposed metal parts to the grounding 
conductor may be achieved by mounting hardware on 
the fixture or by a bonding jumper. 

Part b states that if an equipment grounding con- 
ductor is not present in the circuit supplying the 
fixture, the fixture must be made of an insulated 
nonconductive material such as plastic. 
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Figure 4-14. Exposed metal parts of fixtures must be grounded or 
double-insulated. 
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In older houses and small commercial buildings, 
the branch circuit usually does not have a grounding 
conductor, so the rules of Part b must be applied. 
This does not mean that existing lighting fixtures 
made with conductive materials must be replaced. 
When they are replaced for other reasons, however, 
they must be replaced by a nonconductive type, ora 
branch circuit with an equipment grounding conductor 
must be supplied to the new fixture. 


Equipment Grounding Conductor 
Attachment — 410-20 


Fixtures with exposed metal parts that are sold for 
general use must be provided with means of connecting 
the equipment grounding conductor to the fixture 
(Figure 4-15). If the fixture is not equipped with a 
means of attachment, then bonding jumpers and clips, 
or other approved means where applicable, may be 
used. 
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Figure 4-15. Newly installed fixtures with exposed metal parts 
must have an equipment grounding conductor. 


Methods of Grounding — 410-21 


When fixtures are installed, they should be carefully 
checked to ensure they are effectively grounded. See 
250-91(b) for methods of grounding. 


Cord-connected Showcases — 410-29 


Showcases not in fixed positions may be connected 
by flexible cord to permanently installed receptacles 
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in groups of not more than six showcases. The six 
showcases also may be grouped together by flexible 
cord. The cord must not be exposed to physical 
damage, and the separation between cases must not 
exceed 2”. No more than 12” must exist between the 
first case and the supply receptacle. 


Cord-connected Lampholders and 
Fixtures — 410-30(c) 


Chain-hung or independently mounted fluorescent 
fixtures may be connected by flexible cords and 
grounded-type attachment caps as long as the cord is 
visible for its entire length. Fluorescent fixtures 
mounted in suspended ceilings cannot be connected 
in this manner, because such a connection would 
prevent the cord from being visible for its entire 
length. 


Fixtures as Raceways — 410-31 


Only those conductors associated with the lighting 
fixture may be run through the lighting fixture en- 
closure. Branch-circuit conductors passing within 3” 
of a ballast must have a temperature rating of at least 
90° C or 75° C THW per Table 310-13. 


Exception No. 1. Lighting fixtures that are marked 
as suitable for use as a raceway may have the circuit 
run straight through as if they were a raceway. 


Exception No. 2. Fixtures approved for end-to-end 
installation may have two circuits supplying the fix- 
tures. One of the two circuits may be a three-wire 
circuit while the other is a two-wire circuit. However, 
three two-wire circuits or two three-wire circuits are 
not permitted. 


Exception No. 3. Fluorescent strip lighting assembled 
end-to-end may have an additional two-wire circuit to 
supply one or more of the connected fixtures in the 
row (Figure 4-16). 
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Figure 4-16. Multiple-wire circuits may be fed through a row of 
fixtures with one additional two-wire circuit. Three two-wire 
circuits or two three-wire circuits must not be fed through the same 
fixtures. 


Temperature — 410-65(c) 


New recessed incandescent lighting fixtures must be 
equipped with thermal protection except where in- 
stalled in concrete and identified for use without ther- 
mal protection (Figure 4-17). The thermal cutout (TC) 
type of fixture is designed to be installed with insulation 
at least 3” from the top and all sides of the fixture. If 
insulation covers the fixture, or if the fixture is over- 
lamped (a 60-watt bulb removed and a 100-watt bulb 
installed), the thermal cutout will sense the additional 
heat and disconnect the fixture. 

Fixtures rated for insulated ceilings (IC) are de- 
signed to be used in direct contact with insulation. 
They are down-rated in wattage and operate at an 
extremely cool temperature. Fixtures rated for sus- 
pended ceilings (SC) are designed to be used in 
commercial buildings. These fixtures are high-wattage, 
low-cost fixtures. Check with inspectors before install- 
ing this type of fixture. 
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Figure 4-17. Recessed incandescent lighting fixtures must be either 
IC or TC types. 


Clearance — 410-66 


Recessed lighting fixtures, other than at points of sup- 
port, must have at least 1⁄2” space between the fixture 
enclosure and combustible material. Thermal insula- 
tion must be at least 3” from the fixture enclosure 
with free air circulation space on the sides and no in- 
sulation above the fixture. This circulation space 
allows heat to dissipate (Figure 4-18). Approved IC 
fixtures may be covered by insulation and mounted 
against combustible material at points of support. See 
410-65(c) and 410-66(a), Ex. 


Wiring — 410-67(c) 

Branch-circuit conductors that are not high- 
temperature conductors (167° F) must not be run to 
the fixture and wired direct. Only conductors rated 
167° F and above may be run to fixtures and wired 
direct. Conductors rated below 167° F may be run to 
a junction box installed at least 12” from the fixture. 
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Figure 4-18. Clearance requirements of insulation around recessed 
lighting fixtures. 


They are connected with tap conductors in Green- 
field not less than 4’ or more than 6’ in length. NOTE: 
The Greenfield must be at least 4’ in length to allow a 
loop to be bent to connect the fixture to the junction 
box, which must be set off at least 1’ from the fixture. 
If the Greenfield were less than 4’ in length, it could 
be damaged by a sharp bend from the fixture to the 
box (Figure 4-19). 


POWER SOURCE 
JUNCTION BOX 


GREENFIELD 


FIXTURE 


410-67(c) 


Figure 4-19. Greenfield (4’ to 6’ in length) is used to connect 
fixtures to junction boxes. See 350-3, Exception No. 3; 350-4, 
Exception No. 3; and 350-5, Exception No. 2. 


Recessed High-intensity Discharge 
Fixtures — 410-73 (f) 


The ballasts of fluorescent fixtures mounted indoors 
must have integral thermal protection. When the 
ballasts are replaced in existing fixtures, they must be 
replaced with integrally protected ballasts. Smaller 
fluorescent fixtures such as under-cabinet strips, desk 
lamps, and medicine chest lamps do not require 
thermal protection. These fixtures utilize small 
reactance-type ballasts instead of Class P ballasts 
(Figure 4-20). 
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410-73(f) 
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Figure 4-20. Fluorescent lighting fixture ballasts shall have 
integral thermal protection. Fixtures not approved for direct 
mounting to ceilings shall be set off 1'/,” from combustible 
material. 


Fixture Mounting — 410-76(b) 

Fixtures must be approved and marked as suitable to 
be mounted directly on ceilings. Fixtures that are not 
marked suitable for direct mounting must be set off 
at least 11/,”’ from combustible material. NOTE: A fix- 
ture is marked “suitable for surface-mounting on com- 
bustible low-density cellulose fiberboard” when it is 
suitable to be mounted directly on the surface of the 
ceiling. 


Dwelling Occupancies —410-80(b) 


Equipment with an open-circuit voltage over 1000 V 
shall not be installed in or on dwelling occupancies 
(Figure 4-21). 
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Figure 4-21. Open secondary voltage shall not exceed 1000 
V when installed in or on dwelling units. 


APPLIANCES — 422 


Appliances used in residential, commercial, and 
industrial locations are covered in this article. These 
appliances may be permanently secured and wired 
direct, or they may be connected witha cord and plug. 
Appliances must not have live parts exposed, with the 
exception of certain items such as grills and toasters. 
Refrigerators, washers, dryers, freezers, coffeepots, 
grills, etc., are examples of the appliances covered in 
this article. 
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Branch-circuit Sizing for Individual 
Circuits —422-4(a) 


Individual branch-circuit conductors supplying one 
appliance load must have an ampacity rating equivalent 
to or greater than the rating of the appliance. Section 
422-30(a) requires appliances to have a nameplate 
specifying voltage and amperage or voltage and 
wattage. The same rule applies for a combined rating 
for more than one load on the appliance. 


Exception No. 1. For an appliance that has a motor 
with no rating marked, Article 430, Part B, applies. 
This requires a conductor with an ampacity of 125% 
of the current rating of the motor (Figure 4-22). 
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STEP 1: 220-3(a). 
10 amps x 125% = 12.5 amps 
STEP 2: Tabie 310-16, Column 2. 
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Figure 4-22. Conductors supplying appliances with motor loads 
must be rated at 125% of the appliance rating. 


NOTE: In general, within the NEC, the term 
watts has been superseded by the term volt- 
amperes for the computation of loads. How- 
ever, references to nameplate ratings still 
reflect the term watts. 


Exception No. 2. Appliances that operate contin- 
uously for three hours or more without motor loads 
must have a conductor ampacity of at least 125% of 
the current rating of the appliance (Figure 4-23). For 
example, a 12-kilowatt range need not be figured on 
the basis of the full nameplate rating of the range. 
Household ranges may have a demand applied to 
them according to Table 220-19. A 12-kilowatt range 
may be figured at 8 kilowatts rather than at 12 kilowatts 
(Figure 4-24). 
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PROBLEM: What size THWN copper conductors 
are required to supply the toaster? 


STEP 1: 220-3(a). 
15 amps x 125% = 18.75 amps 
STEP 2: Table 310-16, Column 2. 
ANSWER: Size #12 THWN conductors are required. 


Figure 4-23. Conductors supplying appliances without motor loads 
must be rated at 125% of the appliance rating. 
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PROBLEM: What size THWN copper conductors 
are required to supply the range? 


STEP 1: Table 220-19, Column A. 
One 12-kilowatt range has a demand of 
8,000 watts. 
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ANSWER: Size #8 THWN copper conductors are 
required. 


Figure 4-24. Sizing the branch-circuit conductors supplying a 
range by the demand of the range. 


Branch-circuit Sizing for Circuits with 
Two or More Loads—422-4(b) 


When there are loads on the circuit other than appli- 
ances, the sizing of the conductors must be computed 
by the provisions of 210-23. NOTE: The provisions of 
422-4 do not apply to the wiring installed at the fac- 
tory. That wiring is considered an approved assembly 
per 110-3(b). 


Branch-circuit Overcurrent Protection— 
422-5 


The general rule is that overcurrent protection for 
appliances not equipped with motor loads must be 
protected within the ampacity of the circuit conductors 
supplying the appliance. However, if an appliance is 
marked to indicate that a certain size of overcurrent 
device (fuse or circuit breaker) is to be used with it, 
110-3(b) does not permit a higher rated device to be 
installed. 

The overcurrent protection device may be sized 
per Table 430-152 when the appliance is equipped 
with a motor load. Because of the inrush current that 
permits a motor to start, the overcurrent protection 
in this case may be higher than the branch-circuit 
conductor’s ampacity rating. 


Flexible Cords — 422-8 


When flexible cords are used to connect appliances, 
care must be taken to select the proper cord from 
Table 400-4 to match the characteristics and condition 
of use. 


Water Heaters — 422-1 4(b) 


All electric storage-type water heaters of 120 gallons 
or less installed in dwelling units (residential buildings) 
must be supplied by a branch-circuit conductor sized 
at 125% of the unit rating (Figure 4-25). 
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Figure 4-25. Branch-circuit conductors supplying a water heater 
must be at least 125% of the water heater’s rating. 
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Grounding — 422-16 


Appliances must be grounded according to Article 
250. For equipment grounding of refrigerators and 
freezers, see 250-42, 250-43, and 250-45. For equip- 
ment grounding of ranges, cooktops, wall-mounted 
ovens, and dryers, see 250-57 and 250-60. 


Wall-mounted Ovens and Counter- 
mounted Cooking Units — 422-17 


Wall-mounted ovens and countertop units may be 
wired direct or connected with a cord and plug. Free- 
standing ranges may be wired by either method; 
however, most are connected witha cord and plug. A 
cord and plug is accepted for fixed appliances but 
may not serve as a disconnecting means. A dis- 
connecting switch is required. Wall-mounted ovens 
and counter cooktops are considered fixed appliances; 
therefore, the cord and plug may not serve as the 
disconnecting means. 


Supporting of Ceiling Fans — 422-18 
Ceiling fans weighing 35 lbs. or less can be hung 
from ceiling boxes that are listed per 370-23 and 370-27. 


Disconnecting Means — 422-20 


All appliances must have a means to disconnect all 
ungrounded conductors (hot phases) from the unit. 
When the appliance is supplied by more than one 
source of power, each must have a disconnecting 
means. All disconnecting means must be grouped 
and identified. Circuit breakers installed side by side 
in a panelboard would meet this requirement (Figure 
4-26). 
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Figure 4-26. Each source of power to an appliance must have a 
disconnecting means. 


Disconnection of Permanently 
Connected Appliances — 422-21 


For permanently connected appliances of I% horse- 
power or 300 volt-amps or less Part (a) permits the 
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branch-circuit fuse or circuit breaker to serve as the 
required disconnecting means. See also 422-20; 422- 
25; and 422-27. 

Part (b) permits branch-circuit switches or circuit 
breakers that are readily accessible to the user of 
the appliance to serve as the required disconnecting 
means for permanently connected appliances if they 
can be locked in the open position. The exception al- 
lows unit switches permitted by 422-25 if the appli- 
ance has a motor rated over 1% horsepower (Figure 
4-27). If the unit switches do not disconnect all un- 
grounded conductors to all loads, the upstream dis- 
connecting means in the panelboard shall be the 
locking type. Also see 422-27. 
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Figure 4-27. Readily accessible branch-circuit switches or 
circuit breakers may be used with fixed appliances. 


Disconnection of Cord- and 
Plug-connected Appliances — 422-22 


Part (a) permits a separable plug or attachment cap 
to serve as the disconnecting means for cord- and 
plug-connected appliances. 

Part (b) requires a household range that is plug- 
connected from the rear to have a removable drawer 
providing access to the receptacle for plug removal. If 
this cannot be done, a readily accessible disconnecting 
switch or circuit breaker must be provided. 

Part (c) requires that separable connectors, attach- 
ment plugs, receptacles, and cords have an ampacity 
rating equal to the ratings of the appliances or the 
demand factors listed in Table 220-19 for household 
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Figure 4-28. Plugs, separable connectors, and receptacles must 
have ratings equal to appliance ratings. 


cooking appliances (Figure 4-28). NOTE: The require- 
ments for attachment plugs and connectors must be 
applied. See 422-22(d). 


Unit Switches as Disconnecting Means— 
422-25 


The main requirement is that a switch or switches on an 
appliance must not serve as the main disconnecting 
means of the circuit. Even though a fixed appliance is 
equipped with a switch or switches (unit switches), 
the appliance must have an additional disconnecting 


means in the system as a backup. 
Part (a) permits the disconnecting switch to be the 
branch-circuit switch or circuit breaker in the panel- 


board for the apartment. The disconnecting means 
may be outside the apartment as long as it is located 
on the same floor (Figure 4-29). 
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Figure 4-29. Locating unit switches as disconnecting means in 
multifamily , two-family, and single-family dwellings. 


Part (b) permits disconnecting means in two-fam- 
ily dwellings to be located outside each dwelling 
(Figure 4-29). 

Part (c) permits the service disconnecting means 
in single-family dwellings to serve as a backup dis- 
connect. It does not have to be located on the same 
floor (Figure 4-29). 

Part (d) permits the branch-circuit switches or circuit 
breakers to serve as the backup disconnecting means, 
in all other occupancies if they are readily accessible 
to the user. 

The preceding rules apply to all appliances that are 
wired direct. The cord and plug may serve as the 
disconnecting means for appliances connected 
according to 422-22 but not for appliances connected 
according to 422-17 (Figure 4-30). 
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Figure 4-30. A cord and plug may serve as the disconnecting 
means on appliances with a removable drawer. 


Disconnecting Means for Motor-driven 
Appliances—422-27 


This section substantiates 430-102, which requires 
that a disconnecting means be within sight of the 
motor controller. A disconnecting switch or circuit 
breaker may serve as the required disconnecting 
means for a permanently connected motor-driven 
appliance of more than 4 horsepower if it is mounted 
within sight of the motor controller. A unit switch on 
the appliance may serve as the disconnecting means 
if it meets the provisions of Article 430, Part H. 
NOTE: This does not apply to the backup disconnect- 
ing means required by 422-25. 


Overcurrent Protection— 422-28 


Part (a) states that when the branch-circuit conductors 
are protected per the provisions of 240-3, the con- 
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nected appliance is generally considered to be pro- 
tected also. Appliances are considered protected when 
connected to the supplying circuit per the provisions 
of 422-4 and 422-5. Appliances that incorporate a 
motor must be protected for overload per Part C of Ar- 
ticle 430. Appliances with hermetically sealed com- 
pressors must be protected for overload per Part F of 
Article 440. 

Part (b) (of 422-28) requires any household appliance 
with surface heating elements to have the load sub- 
divided when there is a maximum demand of more 
than 60 amps as computed by the provisions of Table 
220-19, Columns A, B, or C. The appliance must be 
supplied by more than one circuit and be protected 
with overcurrent devices rated at not over 50 amps 
each. 

Part (e) (of 422-28) states that when a branch-circuit 
supplies an individual nonmotor-operated appliance 
rated at 13.3 amps or more, the overcurrent protec- 
tion (fuses or circuit breaker) may be sized at up to 
150% of the current rating of the appliance. Section 
422-5 allows motor-driven appliances to be protected 
(fused) higher than 150% to permit the starting of the 
motor. 

Part (f) (of 422-28) is similar to 424-22(b) in that 
it requires heating equipment with resistance-type 
space-heating units (elements) rated over 48 amps to 
be subdivided by the manufacturer into loads of 48 
amps or less and protected at no more than 60 amps. 
Each load must be furnished with overcurrent pro- 
tection provided by the manufacturer. This protection 
may be installed in the equipment enclosure in the 
unit or may be separately mounted outside the en- 
closure. 

For heating equipment rated at 50 kilowatts or 
less, with the overcurrent protection devices (fuses or 
circuit breaker) on the unit or mounted beside the 
unit, conductors from the protective device must be 
sized at not less than 125% of the load served (Figure 
4-31). 


ee HEATING ELEMENTS (5 KW EACH) 


ey CIRCUIT 


==) 
a 
DISCONNECT 
CONDUCTORS 
HEATER (50 KW OR LESS) 
422-28(f) 


Figure 4-31. Conductors from the overcurrent protection device 
must be sized at 125% of the heating unit load. 
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The overcurrent protection device at 60 amps or 
less derates the 60-amp device to 80% and complies 
with 424-3(b) for the continuous-load requirement. 
For example, 


60-amp fuse or circuit breaker x 80% = 48 amps 


48 amps x 125% = 60 amps 


Section 110-3(b) requires all listed or labeled 
equipment to be used or installed in accordance with 
any instructions included with the equipment. 

Suppose that a 20-kilowatt electric heating unit 
with a 1,440-watt blower motor is roughed in by the 
electrician with a #2-2 cable with ground that has an 
ampacity of 115 amps (20,000 + 1440 volt-amps x 
125% + 240 volts = 111.6 amps). See 424-3(b). 
Assume that before the electrician returns to trim out 
the installation, the mechanical contractor installs a 
25-kilowatt unit, since no 20-kilowatt units were avail- 
able at the supply house. When the electrician dis- 
covers that the newly installed 25-kilowatt unit will 
pull 137.7 amps (25,000 + 1440 volt-amps x 125% + 
240 volts = 137.7 amps), meaning that a #1-2 cable 
with ground will be required, the electrician may wish 
to remove one of the 5-kilowatt elements in an attempt 
to change the unit to a 20-kilowatt unit. WARNING: 
Section 110-(3)(b) requires that equipment be 
wired according to the listing and label. If the 
nameplate lists 25 kilowatts, the unit must be wired 
for 25 kilowatts. Removing the 5-kilowatt elements 
will void the warranty of the unit. The unit must be 
wired for 25 kilowatts, or a UL inspector in the field at 
the point of installation must retag or label the unit. 


FIXED ELECTRIC SPACE-HEATING 
EQUIPMENT — 424 


This article covers the different types of electric 
heating systems that are used for heating rooms or 
buildings. Such heating equipment includes base- 
board heaters, wall heaters, cables installed in ceilings 
or floors, and central air units that circulate air or 
water heated by a furnace or boiler. 


OPERATING 240 VOLT RESISTANCE 
LOAD ON A 208 VOLT SUPPLY 


A heating unit that has a greater voltage rating than 
the supply voltage will pull less wattage. A multiplier 
is used to derive the actual kW of the unit. 


POWER SOURCE 


OVERCURRENT 
PROTECTION DEVICE 


15 KW, 240 V, 1 
HEATING ELEMENT 


4 A MOTOR 


240-3(b); 240-6 
Table 310-16; 424-3(b) 


PROBLEM: What is the kW rating for a 15 kW, 240 V, 


1¢ heating unit that is supplied by a 208 V, 14 branch 
circuit? 


li | 
STEP 1: Multiplier appllod vokgapn xe 
heating unit voltage 


STEP 2: Multiplier = 


208 
240 V 


Multiplier = .751111112 


STEP 3: kW = kW of heating unit x multiplier 
soa? = aby X Zoe 
W ce hk) 


ANSWER: kW = 11.3 


= .866666667 x .866666667 


Figure 4-32. Determining the kW of a heating unit with a rated 
voltage greater than the supply voltage. 


The multiplier is found by dividing the applied 
voltage by the rated voltage of the heating unit and 
squaring the total. The actual kW is found by mul- 
tiplying the rated kW by the multiplier (Figure 4-32). 
Note that this method can be used for any appliance 
with a fixed resistance and a voltage rating greater 
than the supply voltage. 


Disconnecting Means — 424-19 


The general rule requires a disconnecting means for 
the heater and motor controllers plus supplementary 
overcurrent protection devices (fuses or circuit 
breakers) for all types of fixed electric space-heating 


equipment. This disconnecting means allows service 
personnel to disconnect the unit for maintenance or 
repair without danger of someone-turning the power 
on to the unit. The section is divided into two parts in 
applying this rule: (1) heating equipment with supple- 
mentary overcurrent protection, and (2) heating 
equipment without supplementary overcurrent pro- 
tection. 

All situations where the components of an electric 
heating system would be installed are covered in this 
section. Components may be installed on one enclosure 
or in a number of enclosures to complete the heating 
system. The general rule requires a disconnecting 
means for the supplementary overcurrent protection 
devices, heater contactors, heater elements, and 
motor controller for the heating unit. The disconnecting 
means must be grouped and identified when supplied 
by more than one source of power. 

Consider an electric heating system with all the 
components installed in one enclosure, such as an 
electric furnace. The disconnecting means of the 
furnace must be in sight of the furnace to disconnect 
the subdivided circuits, the supplementary overcurrent 
protection for the heating elements, and the controller 
for the motor (Figure 4-33). 


SUPPLEMENTARY PROTECTION 
N a HEATING ELEMENT 


POWER SOURCE 


DISCONNECTING MEANS 


~N CONTROLLER 
\ FURNACE 


MOTOR 


424-19; 422-25 


Figure 4-33. The disconnecting means must be within sight of the 
supplementary overcurrent protection, motor controller, and heating 
equipment (furnace). 


Consider a heating system with the duct heater and 
blower motor located in the basement in one enclosure. 
The supplementary overcurrent protection devices 
for the heating elements are installed in a separate 
enclosure, with the contactors and timers for the 
heating elements remote from the heating unit. That 
is, the supplementary overcurrent protection devices 
and heater contactors are mounted in one enclosure, 
with the heater elements mounted in the duct withthe 
motor that drives the air handler. 
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Section 424-19 requires the disconnecting means 
to be in sight of the supplementary overcurrent pro- 
tection devices, the contactors for the heating elements, 
and the controller for the motor. If the disconnecting 
means for the supplementary protection is within 
sight of the heater elements and motor, no additional 
disconnecting means is required at the unit. If the 
disconnecting means for the supplementary protection 
is out of sight from the heater elements, however, 
another switch must be used at the duct heater, or the 
supplementary protection disconnecting means must 
be capable of being locked in the open position 
(Figure 4-34). 


SERVICE 

PANEL 
LOCKABLE OCPD CAN 
SERVE AS DISCONNECT 


FURNACE DISCONNECTING MEANS 
POWER SOURCE 


CONTROLLER 
DISCONNECTING MEANS 


CONTROLLER FOR HEATING 
ELEMENTS AND BLOWER MOTOR 


FURNACE 


424-19; 424-19(b)(1) 


Figure 4-34. Disconnecting means must be added when compo- 
nents of the heating system are not within sight of the supple- 
mentary overcurrent protection devices. 


If the controller for the air handler motor is fed 
from asource other than the controller, it must havea 
disconnecting means preceding it. If the disconnecting 
means can be locked in the open position, no other 
disconnecting means within sight is required. That is, 
if the disconnecting means is mounted within sight of 
the supplementary overcurrent protection device for 
the contactor, the heating elements, the controller, 
and the motor, then no additional disconnecting 
means is required. If the components of the heating 
system are not within sight of the disconnecting means 
for the supplementary overcurrent protection devices, 
however, additional disconnecting means must be 
provided accordingly (Figure 4-35). 

NOTE: For heaters rated at 50 kilowatts or less, 
424-22(e) requires conductors that are field-wired 
between the heater and the supplementary overcurrent 
protection devices to be sized at not less than 125% of 
the load served. 


98 DESIGNING ELECTRICAL SYSTEMS 


POWER SOURCE 


CONTROLLER 
DISCONNECTING MEANS 


CONTROLLER FOR HEATING 
ELEMENTS AND BLOWER MOTOR 


FURNACE 


424-19 


Figure 4-35. No additional disconnecting means is required when 
the disconnecting means ahead of the furnace can be locked off. 


Unit Switches — 424-19%c). A switch on the heating 
unit is not considered a disconnecting means. When 
the heating unit is equipped with unit switches, a 
separate disconnecting means is always required. The 
main advantage of unit switches is that the branch- 
circuit switch or circuit breaker can serve as the 
disconnecting means. Heating units equipped with unit 
switches may have disconnecting means as follows: 

e Single-family dwelling: The service disconnect 
for the service panel may serve as the disconnecting 
means for the unit. It may be located anywhere inside 
or outside. 

® Two-family dwelling: The branch-circuit switch 
or circuit breaker in the service panel may serve as the 
disconnecting means. It may be located outside the 
apartment or on another floor. 

e Multifamily dwellings: The branch-circuit switch 
or circuit breaker in the service panel may serve as the 
disconnecting means. It may be located outside the 
apartment; however, it must be located on the same 
floor. 

All other occupancies may have the branch-circuit 
switch or the circuit breaker in the service panel of the 
occupancy serve as the disconnecting means, provided 
it is readily accessible to the users. 


Overcurrent Protection — 424-22 


Heating equipment is considered protected by the 
branch-circuit fuse or circuit breaker. Motors used 
with heating equipment must have running overload 
protection to protect the motor windings. Heating 
equipment with resistance-type heating elements 
rated over 48 amps must have the load subdivided, 
and overcurrent protection for each load must be 
furnished by the manufacturer either in the unit or 


mounted outside the unit. When overcurrent pro- 
tection is separate, the conductors from the overcur- 
rent devices to the unit must be sized at not less than 
125% of the load for units of 50 kilowatts or less. 

NOTE: For units of 50 kilowatts or more, the 
conductors may be sized at 100% of the load if the 
heater has atemperature control. In all other cases, at 
least 125% of the load must be figured. 


Electric Space-heating Cables — 424-34 


Heating cables and panels may be furnished by the 
manufacturer in two ways: (1) with 7’ long leads for 
connecting heating cables or panels to the circuit, or 
(2) with suitable junction boxes for making connections 
to the branch circuit (Figure 4-36). 


Tanon 


nee CABLE 7 NONHEATING LEADS 
HEATING PANEL 
NONHEATING LEADS 


424-34 


Figure 4-36. Nonheating leads of heating cable must be at least 7’ 
long, or suitable junction boxes must be provided. 


Marking of Heating Cables—424-35 


Manufacturers must provide color coding of heating 
cable leads to indicate the proper voltage rating. This 
will ensure that the proper voltage system is connected 
to the leads. The following colors of insulation denote 
the different voltages: 


120 volts: yellow 
208 volts: blue 
240 volts: red 
277 volts: brown 


The markings on the cables must be within 3” of 
the terminal ends of the cables. Consequently, the 
cables must not be shortened, since this would remove 
the markings (Figure 4-37). 


COLOR CODING a 
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Figure 4-37. Heating cable leads are color coded within 3” of the 
end to show voltage rating. Cable ends must not be shortened. 


Clearances of Wiring in Ceilings — 
424-36 


All wiring located above heated ceilings and in thermal 
insulation must be sized according to the temperatures 
to which they are exposed. Ceiling wiring must have 
at least 2” clearance above a heated ceiling. Wiring in 
heated ceilings is considered to be operating at a 
temperature of 122° F (50° C) and must be derated by 
the correction factors of Tables 310-16 through 310-19. 
If 2” or more of thermal insulation are between the 
wiring and the heated ceiling, it is not necessary to 
apply the correction factors. Figure 4-38 shows the 
step-by-step procedure used when applying the cor- 
rection factors of Table 310-16 to find the size con- 
ductors required for heating cables. 


2” INSULATION 


HEATED CEILING HEATING CABLE 


Table 310-16 
424-3(b); 424-36 


PROBLEM: What size THWN copper conductors are 
required to supply a load of 15.6 amps to the 
heating cables with the cables run in the 2” to the 
insulation? 
STEP 1:424-3(b). 

15.6 amps x 125% = 19.5 amps 
STEP 2: Table 310-16, Correction Factors. 


19.5 amps — 96 amps 
he 


STEP 3: Table 310-16, Column 2. 
ANSWER: #10 THWN Cu. 


Figure 4-38. Sizing conductors to supply heating cables. 
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Clearances of Branch-circuit Wiring in 
Walls — 424-37 


If the walls are heated, the wiring in the exterior walls 
must be located between the exterior wall and the 
insulation. The correction factors are not necessary 
when the cables are run in the outside walls. The 
correction factors based on 40° C temperature must 
be applied when the cables are run in the interior 
walls (Figure 4-39). 


is a EXTERIOR WALL 
4|_— WIRING 
INTERIOR WALL 


THERMAL INSULATION 


ES Ae Sa IT a Ce et 
a Pe Or Bre RE a 
E ae N 
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Table 310-16 
424-3(b); 424-95(b) 


PROBLEM: What size THHN conductors are required 
to supply a load of 15.6 amps for heating panels in 
interior walls? 
STEP 1:424-3(b). 

15.6 amps x 125% = 19.5 amps 
STEP 2: Table 310-16, Correction Factors. 


19.5 amps 
.91 


= 21 amps 


ANSWER: Size #12 conductors are required. 


Figure 4-39. Sizing conductors for heating panels in interior and 
exterior walls. 


Area Restrictions — 424-38 


The basic rule prohibits heating cables or panels from 
extending beyond the room in which they originate. 
They are not permitted to be installed over a partition 
or in a closet. Low-temperature cables, however, are 
allowed in closet ceilings for the purpose of humidity 
control. No shelves, cabinets, etc., are permitted 
between the ceiling and floor (Figure 4-40). 
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CABINETS 


ROOM 


LOW-TEMPERATURE 
CABLE IN CLOSET 


HEATING CABLES OR PANELS 


424-38 


Figure 4-40. Heating cables and panels must not extend beyond 
the room in which they are installed. They must not be installed 
over cabinets or shelves. 


Clearance from Other Objects and 
Openings — 424-39 

Heating cables and panels must not be installed within 
8” of outlet boxes or junction boxes used to mount 
surface lighting fixtures. They must not be installed 
within 2” of recessed fixtures or ventilation openings 
(Figure 4-41). 


RECESSED FIXTURE 


OUTLET BOX 


HEATING CABLE 


424-39 


Figure 4-41. Heating cables and panels must not be installed 
within 2” of recessed panels or 8” of outlet boxes. 


Splices — 424-40 


Heating cables should not be spliced unless absolutely 
necessary. If the cable is shortened, the total resistance 


is reduced and more current than the cable is designed 
to accommodate will flow, which could damage the 
cable. 


Installation of Heating Cables on Dry 
Board, in Plaster and on Concrete 
Ceilings — 424-41 

Heating cables are permitted to be installed in ceilings 
but not in walls. Cables rated at 2% watts per foot may 
be installed with minimum spacing between runs of 
1%” on centers (O.C.). The heating cables and at least 
3” of the heating cable leads must be embedded in 
the plaster or dry board with a 1%” thick coating of 
suitable non-insulating material such as sand plaster 
or gypsum board. 

The cable must be strapped or secured in place at 
least every 16”. Cables identified as being approved 
to be secured at intervals not exceeding 6’ are exempt 
from the 16” rule. 

In dry board installations, the cables should not 
cross or run directly under joists unless necessary. 
Cables must be run parallel to the joist with 2⁄2” clear 
space left directly below the joist edges. This allows 
the finished layer of plasterboard to be nailed to the 
joist without damaging the cable (Figure 4-42). See 
Part j and Exception for crossing joists. 


JOIST 


424-41 


Figure 4-42. Heating cables must have at least 21⁄2” free space 
centered under the joists. 


Installation of Nonheating Leads of 
Cables and Panels — 424-43 


When heating cable leads are run to a junction box, at 
least 6” of the lead must enter the box. (A nonheating 
cable lead must not be cut.) The excess lead must be 
attached to the ceiling and embedded in the plaster. 
The nonheating leads of panels may be cut as required 
for installation. 


Installation of Panels or Cables in 
Concrete or Poured Masonry Floors — 
424-44 and 424-98(a) 


Panels or cables must be rated at not more than 33 
watts per square foot of panel or 16'4 watts per linear 
foot of cable and must be spaced not less than 1” 
apart on centers. Cables must be installed and secured 
before concrete is poured and kept clear of all metal 
(such as reinforcing bars placed in the concrete). The 
connecting leads must be protected by rigid metal 
conduit, IMC, or EMT where they leave the floor. 


Inspection and Tests — 424-45 


The installation of cables must be inspected and 
approved before the concrete is poured. Cables must 
be installed in such a way that they will not be subject 
to damage. 


Location of Disconnecting Means — 
424-65 


All control equipment for duct heaters must be 
accessible. A disconnecting means for the heater 
must be provided within sight of the controller. 
NOTE: Section 424-19(a) may be applied. 


Panels—General—424-90 through 
424-98, Part J 


These sections apply for panels that are assem- 
bled and ready to be surface-mounted on the ceil- 
ing or recess-mounted in the wall. Panels used for 
surface-mounting or recess-mounting must be con- 
nected or interconnected together by approved wir- 
ing methods. Current-carrying parts must not be 
penetrated by nails or staples. 


DESIGNING AND WIRING 
APPLIANCE AND HEATER 
CIRCUITS — 422 and 424 


Larger appliances such as kitchen ranges, cooktops, 
wall ovens, clothes dryers, and water heaters use 
more electricity than smaller appliances in the home. 
The nameplate on each appliance is important. It 
gives the voltage and amperage rating or voltage and 
wattage rating necessary to size the conductors and 
overcurrent protection devices for the branch circuits. 

Wire size may be #10 to #6. The overcurrent 
protection devices (fuses or circuit breakers) range 
from 30 amps to 50 amps for larger appliances. 
Appliances of 15 amps or more should have a dire ct 
circuit to supply their loads. 
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Ranges may be wired in two ways: direct or by cord 
and plug. In direct (hard-wired) wiring, the circuit 
cable is not cut. Itis run directly to the range with 3’ or 
4’ of slack cable. This slack cable allows the range to 
be moved away from the wall for cleaning or servicing. 

The cord-and-plug wiring method is the more 
common way of wiring ranges and dryers. The cable is 
attached to the range with a Romex connector, and 
hot ungrounded conductors are connected to lugs on 
the outside terminals. The neutral conductor is con- 
nected to the center lug on the terminal bar and 
bonded by ajumper or strap to the metal frame of the 
range to serve also as an equipment ground (Figure 
4-43). When the cord-and-plug method is used to 
connect a range, a 40-amp or 50-amp power plug is 
used. 


TERMINAL BAR 
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GROUNDING STRAP 
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Figure 4-43. The neutral conductor is connected to the center lug 
of the terminal bar. A jumper strap to the metal frame of the 
appliance serves as an equipment ground. 


Wiring Ranges, Cooktops, and Wall- 
Mounted Ovens — Table 220-19 


Ranges, cooktops, and ovens may be wired direct 
(hard-wired) or cord- and plug-connected. The method 
to be used may be indicated on the blueprints or, in 
some cases, left to the discretion of the installer. A 
50-amp, 240-volt circuit will supply most ranges 
(Figure 4-44). 

A 30-amp or 40-amp circuit will supply most cook- 
tops or wall-mounted ovens. The step-by-step pro- 
cedure for sizing conductors and overcurrent protec- 
tion devices is the same for cooktops and wall- 
mounted ovens (Figure 4-45). 


Wiring a Clothes Dryer — 220-18 


Dryers are wired with a #10-3 cable with ground. 
They are protected by a 30-amp two-pole circuit 
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2a 12 KW RANGE POWER SOURCE 


OVERCURRENT 
PROTECTION DEVICE 


POWER RECEPTACLE 


240 V 


220-19; 210-19(b); 240-3(b) 
240-6; Table 310-16 


PROBLEM: What size THWN conductors and over- 
current protection device are required to supply the 
range? 
STEP 1:Table 220-19, Column A. 

A 12-kW range has a demand of 8,000 watts. 


STERA ENA 
V 


8,000 
240 


STEP 3: 210-19(b); 240-3(b); 240-6. 


The next standard size overcurrent protec- 
tion device is 40 amps. 


STEP 4:Table 310-16 
SIZE OF HOT CONDUCTORS 


ANSWER: Size #8 THWN conductors are required. 
Ampacity of #8 THWN conductor is 40 amps. 


STEP 5: 210-19(b), Ex. 2. 
SIZE OF NEUTRAL CONDUCTOR 


40 amps x 70% = 28 amps. 
STEP 6: Table 310-16 


= 33 amps. 


ANSWER: Size #8 THWN copper conductor is re- 
quired. Ampacity of #8 copper conductor is 40 amps. 


Figure 4-44, Sizing conductors and overcurrent protection device for ranges. 


7 KW WALL-MOUNTED OVEN 


BRANCH CIRCUIT 


#6 THWN Cu 


JUNCTION 
BOX 


TAP: 210-19(b), Ex. 2 


240 V 
NOTE: COOKTOPS ARE ALSO 
SIZED BY THESE STEP-BY-STEP 
PROCEDURES. 


220-19; 210-19(b), Ex. 2; 240-3(b) 
240-6; Table 310-16 


PROBLEM: What size tap THWN conductors and 
overcurrent protection device are required to supply 
the wall-mounted oven? 


STEP 1: Table 220-19, Note 4. 


One 7-kW wall-mounted oven is figured at 
100% of its rating. 


STEP 2:1 = VA 
V 


7,000 


= 29 amps. 
240 p 


STEP 3: 240-3(b); 240-6. 
The next standard size overcurrent pro- 
tection device is 30 amps. 


STEP 4: Table 310-16 
SIZE OF HOT CONDUCTORS 


ANSWER: Size #10 TWHN conductors are required. 
Ampacity of #10 THWN conductor is 30 amps. 


STEP 5: 210-19(b), Ex. 2; Table 250-95. 
SIZE OF NEUTRAL CONDUCTOR 


ANSWER: Size #10 THWN is the smallest neutral 
conductor permitted. 


Figure 4-45. Sizing conductors and overcurrent protection device for wall-mounted ovens. 


breaker or a single set of fuses. The prongs of a 30- 
amp plug will not fit the receptacle slots of a 50-amp 
plug, and vice versa. The step-by-step procedure for 
sizing conductors and overcurrent protection devices 
for clothes dryers is shown in Figure 4-46. 


Wiring Water Heaters — 422-14(b) 


Water heaters usually have two heating elements. 
One is located in the top and the other in the bottom 
of the water heater. The bottom element maintains 
water temperature for normal use. The top element 


5 KW HOUSEHOLD CLOTHES DRYER 


OOT 
ee 


POWER SOURCE F 


OVERCURRENT 
PROTECTION DEVICE 


- POWER RECEPTACLE 


240 V 


Table 220-18; 240-6; 250-95 
Table 310-16 


PROBLEM: What size THWN conductors and over- 
current protection device are required to supply the 
household dryer? 


STEP 1:Table 220-18. 


Four or less household dryers are figured at 
100% of their individual ratings. 


STEP 2:1 = VA 
V 


5,000 
240 


STEP 3: 240-6; 240-3(b). 


The next standard size overcurrent pro- 
tection device is 30 amps. 


= 20.8 amps 


STEP 4: Table 310-16 
SIZE OF HOT CONDUCTORS 


ANSWER: Size #10 THWN conductors are required. 
Ampacity of #10 THWN is 30 amps. 


STEP 5: Table 250-95. 
SIZE OF EQUIPMENT GROUNDING 
CONDUCTOR 


ANSWER: Size #10 copper conductor is required, 
based on the 30-amp overcurrent protection device. 


Figure 4-46. Sizing conductors and overcurrent protection device 
for household clothes dryers. 


heats the cold water that enters the tank when hot 
water is drawn out. 

Water heaters may be wired with #10-2 or #8-2 
conductors with ground. An equipment grounding 
conductor, but no neutral, is required for water 
heaters. Wire size is figured from the wattage of the 
size of the elements used (Figure 4-47). 
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vo 6.5 KW WATER HEATER 


POWER SOURCE 


OVERCURRENT 
PROTECTION DEVICE 
TERMINALS 60°C 


240-6; Table 250-95 
Table 310-16; 422-14(b) 
422-21(a)(b) 


PROBLEM: What size THWN conductors and over- 
current protection device are required to supply the 
water heater? 


STEP 1:1 = VA 
V 


6,500 


= 27 amps. 
240 2 


STEP 2: 422-14(b). 
27 amps x 125% = 33.8 amps. 


STEP 3: 240-6; 240-3(b). 


The next standard size overcurrent pro- 
tection device is 35 or 40 amps. 


STEP 4: Table 310-16 
SIZE OF HOT CONDUCTORS 


ANSWER: Size #8 THWN conductors are required. 
Ampacity of #8 THWN conductor is 35 or 40 amps. 


STEP 5: Table 250-95. 
SIZE OF EQUIPMENT GROUNDING 
CONDUCTOR 


ANSWER: Size #10 copper conductor is required, 
based on the 40-amp overcurrent protection device. 


Figure 4-47. Sizing conductors and overcurrent protection device 
for water heaters. 


Wiring Electric Heating Furnaces — 
424-3(b) 

Electric heating furnaces use resistive-type elements 
to convert electricity to heat. A motor drives a fan to 
blow air over the elements. Heated air is circulated 
through ducts to various rooms of the house or 
building. Conductor sizes are figured from the wattage 
of the size and number of elements used in the 
heating unit plus the motor load. (Figure 4-48). 
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Wiring Disposals — 422-8(d)(1)a 


In modern kitchens, electric disposals are used to 
remove food wastes by pulverizing and washing the 
waste down the drain. Disposals may be connected by 
a cord and plug, providing they are Type S, SE, SO, 
SEO, SOO, ST, STO, STOO, SJ, SJO, SJT, SJE, SJEO, 
SJTO, SJTOO, SP-3, SPE-3, or SPT-3 with a three- 
conductor cord terminated with a grounding-type at- 
tachment plug. The length of the cord must not be less 
than 18” nor more than 36” (Figure 4-49). 


25 KW ELECTRIC HEATING FURNACE 


POWER SOURCE 


OVERCURRENT 
PROTECTION DEVICE 
75° TERMINALS 


240 V 


5 A BLOWER MOTOR 


240-6; Table 250-95 
Table 310-16; 424-3(b) 


PROBLEM: What size THWN conductors and over- 
current protection device are required to supply the 
electric heating furnace? 


STEP 1:1 = VA 
V 


25,000 
240 


= 104 amps. 


STEP 2:424-3(b). 
104 amps + 5 amps = 109 amps. 
109 amps x 125% = 136 amps. 
STEP 3: 240-6; 240-3(b). 
The next standard size overcurrent pro- 
tection device is 150 amps. 
STEP 4: Table 310-16 
SIZE OF HOT CONDUCTORS 


ANSWER: Size #1/0 THWN copper conductors are- 
required. Ampacity of #1/0 conductors is 150 amps. 


STEP 5: Table 250-95. 
SIZE OF EQUIPMENT GROUNDING 
CONDUCTOR 


ANSWER: Size #6 copper conductor is required, 
based on the 150-amp overcurrent protection device. 


Figure 4-48. Sizing conductors and overcurrent protection device 
for electric heating furnaces. 


Wiring Dishwashers and Trash 
Compactors — 422-8(d)(2)a 

Household dishwashers are used to wash dishes auto- 
matically. Built-in dishwashers and trash compactors 
may be connected by a cord and plug, provided they 
are type S, SE, SO, SEO, SOO, ST, STO, STOO, SJ, 
SJO, SJT, SJE, SJEO, SJTO, SJTOO, SP-3, SPE-3, or 
SPT-3 with a three-conductor cord terminated with a 
grounding-type attachment plug. The length of the 
flexible cord must be not less than 3’ nor more than 4’ 
for dishwashers and compactors. 


POWER SOURCE 
1.2 KW DISPOSAL 


OVERCURRENT 
PROTECTION DEVICE 


D 
N RECEPTACLE 


18” — 36” FLEXIBLE CORD 


210-23(a); 240-6 
Table 310-16; 422-8(dX1)a 


PROBLEM: What size THWN conductors and over- 
current protection device are required to supply 
the disposal? 


STEP 1:1 = VA 
v 


1200 = 10 amps 
120 
STEP 2:210-23(a). 


Cord- and plug-connected devices are limited 
to 80% of the overcurrent protection device. 


STEP 3:240-6. 


The next standard size overcurrent pro- 
tection device is 15 amps. 


STEP 4:210-23(a). 
15 amps x 80% = 12 amps. 


A 15-amp overcurrent protection device is 
required. 


STEP 5: Table 310-16 
SIZE OF HOT CONDUCTORS 


ANSWER: Size #14 copper conductors are required. 
Ampacity of #14 THWN conductors is 15 amps. 


STEP 6: Table 250-95. 


SIZE OF EQUIPMENT GROUNDING 
CONDUCTOR 


ANSWER: Size #14 copper conductor is required, 
based on the 15-amp overcurrent protection device. 


Figure 4-49. Sizing conductors and overcurrent protection device 
for disposals. 


Trash compactors are used to crush trash and 
compact it for easy disposal in sanitized bags. To size 
conductors and overcurrent protection devices for 
trash compactors, follow the same step-by-step pro- 
cedures given for dishwashers (Figure 4-50). 


Wiring Single-phase, 120/240-volt 
Motors — 430-22(a) and 430-52(a), Ex. 1 


Single-phase, 120/240-volt motors are used to drive 
blower fans, vent hoods, compactors, disposals, etc. 
The conductors are sized per 430-22(a) and the over- 
current protection devices per 430-52(a), Ex. 1 and 
Table 430-152. 

The running overload protection is sized and selected 
per 430-32(a)(b). The overcurrent protection devices 
are selected with a rating high enough to hold the in- 
rush current of the motor until the motor comes up 
to its running speed. 

The running overloads are selected to protect the 
windings of the motor from heat buildup. The con- 
ductors are sized to allow a 125% overload of the 
motor without seriously damaging the windings until 
the overloads can trip open the control circuit (Figures 
4-51 and 4-52). 


1.6 KW DISHWASHER 


POWER SOURCE F 


OVERCURRENT 
PROTECTION DEVICE 


se RECEPTACLE 
3’ — 4’ FLEXIBLE CORD 


NOTE: COMPACTORS ARE ALSO 
SIZED BY THESE STEP-BY-STEP 
PROCEDURES. 


210-23(a); 240-6 
Table 250-95; 422-8(d)(2)a 
422-21; 422-17 


PROBLEM: What size THWN conductors and over- 
current protection device are required to supply the 
dishwasher? 


STEP 1:1 = VA 
v 


1,600 


= 13.3 amps 
120 a $ 
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OPERATING 230 V MOTORS ON 
208 V SUPPLY CIRCUITS 


Slight changes in voltage, torque, slip, and current oc- 
cur where 230 V, 3¢, 60 Hz motors operate on 208 V, 
34, 60 Hz supply circuits. For example, the full-load 
current for a motor operating 10%+ above rated 
voltage is 7% below normal (Figure 4-53). 

NEMA standards allow motor terminal voltage to 
vary 10% below or above rated voltage. For example, 
a 230 volt motor can operate between 207 volts (230 
V x 10% = 230 V — 23 V = 207 V) and 253 volts (230 
V x 110% = 253 V). 


Torque 

The torque of a motor varies with the square of the 
voltage. The starting torque and maximum running 
torque of motors running on 208 volts are determined 
by squaring the supply voltage (208 V) and dividing 
by the voltage of the motor (230 V) squared. For 
example, a motor with a starting torque of 150 lb. ft. 
has a starting torque of 119 Ib. ft. [(208 V/230 V)? = 
.79 x 150 lb. ft. = 118.5 Ib. ft.)]. 


STEP 2:210-23(a). 


Cord- and plug-connected devices are limited 
to 80% of the overcurrent device. 


STEP 3:240-6. 


The next standard size overcurrent protec- 
tion device is 20 amps. 


STEP 4: 210-23(a). 
20 amps x 80% = 16 amps. 


ANSWER: A 20-amp overcurrent protection device 
is required. 


STEP 5: Table 310-16 
SIZE OF HOT CONDUCTORS 


ANSWER: Size #12 copper conductors are required. 
Ampacity of #12 THWN conductors is 20 amps. 


STEP 6: Table 250-95. 
SIZE OF EQUIPMENT GROUNDING 
CONDUCTOR 


ANSWER: Size #12 copper conductor is required, 
based on the 20-amp overcurrent protection device. 


Figure 4-50. Sizing conductors and overcurrent protection device for dishwashers. 
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CONTROLLER 


120 V 


SERVICE 

CODE LETTER F EQUIPMENT 
WITH THERMAL 
PROTECTION DISCONNECTING 


MEANS 


1.15 SF AND 
40°C RISE 


1, 120 V, 
1 HP MOTOR 


430-6; Table 430-148; 430-22(a) 
240-3(f); 430-52(a), Ex. 1 
Table 430-152; 240-6 


PROBLEM: What size THWN copper conductors and 
overcurrent protection device (circuit breaker) is re- 
quired to supply the single-phase, 120-volt motor? 


STEP 1: 430-6; Table 430-148. 
1 horsepower = 16 amps 


STEP 2: 430-22(a). 
16 amps x 125% = 20 amps 


STEP 3: Table 310-16. 
#14 THWN cu. = 20 amps 


ANSWER: #14 THWN copper conductors are required. 


STEP 4: 430-52(a), Ex. 1; Table 430-152. 
16 amps x 250% = 40 amps 


STEP 5: 240-3(f); 240-6. ; 
40 amps is a standard size device. 


ANSWER: A 40-amp circuit breaker is required. 


Figure 4-51. Sizing conductors and overcurrent protection device 
for single-phase, 120-volt motors. 


Slip 

The slip of induction motors varies inversely with the 
square of the voltage. The slip of a 230 volt motor 
operating on a 208 volt supply is 1.12 times the slip 
of the 230 volt rating on the motor’s nameplate [(230 
V/208 V)? = 1.12]. For example, if the synchronous 
speed is 1800 RPM and the actual speed is 1725 RPM, 
the slip is 75 RPM (1800 RPM — 1725 RPM = 75 
RPM). The new slip of RPM for a 230 volt motor 
operating on 230 volts is 91.5 RPM [(230 V/208 
VY = 1.22 x 75 RPM = 91.5 RPM]. 


Current 


Motors are more efficient at higher voltage because 
they draw less current and run slightly cooler. Motors 
operating at lower voltage pull more current and are 
less efficient. Motors rated at 230 volts and operating 
on a 208 volt supply draw approximately 11% more 


CONTROLLER 


SERVICE 
240 V EQUIPMENT 


CODE LETTER G 
WITH THERMAL 


PROTECTION DISCONNECTING 


MEANS WITH 
TIME DELAY FUSES 


1.32 SF 
40°C RISE 


1, 230 V, 
5 HP MOTOR 


430-6; Table 430-148; 430-22(a) 
240-3(f); 430-52(a), Ex. 1 
Table 430-152; 240-6 


PROBLEM: What size THHN copper conductors and 
overcurrent protection devices are required for the cir- 
cuit breaker in the service equipment and the time- 
delay fuses in the disconnecting means? 


STEP 1: 430-6; Table 430-148. 
5 horsepower = 28 amps 


STEP 2: 430-22/a). 
28 amps x 125% = 35 amps 


STEP 3: Table 310-16. 
#10 THHN cu. = 40 amps 


ANSWER: #10 THHN copper conductors are required. 
STEP 4: 430-52(a), Ex. 1; Table 430-152. 
28 amps x 250% = 70 amps 


430-52(a), Ex. 1; Table 430-152. 
28 amps x 175% = 49 amps 


STEP 5: 240-3(f); 240-6. 
A 70-amp circuit breaker and 45-amp time- 
delay fuses are standard size devices. 


ANSWER: A 70-amp circuit breaker and 45-amp time- 
delay fuses are required. 


Figure 4-52. Sizing conductors and overcurrent protection devices 
for single-phase, 240-volt motors. 


+10% 


Up 21% 
Up 1% 
Down 4% 
Down 7% 
Down 10% 
Up 21% 
Up 1% 


Characteristic —10% 


Down 19% 
Down 2% 
Up 3% 
Up 11% 
Up 17% 
Down 19% 
Down 2% 


Torque 
Full load speed 
Power factor 


Full load current 
Temperature 
Maximum overload 
Efficiency 


Figure 4-53. Characteristics of induction motors operating 
10% above or 10% below supply voltage. 


current than when operating at 230 volts. For exam- 
ple, a 230 volt motor operating at 30 amps on 208 volts 
draws approximately 33.3 amps (380 A x 111% = 33.3 
A). 
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Name 


True or False 


Date 


Circle T (true) or F (false) for each statement. Enter the NEC section number that supports your answer in the 


space provided. 
Section 


pee) 2G) F 


Y/o-16 C)OF 


G/6-16 @) TO 
ApS) EF 


yio-24 (6) OF 


4/0- lba) OF 
4¥/0-2° Gd) OF 


Agel? Sr 


15. 


16. 


A recessed fixture installed in clothes closets must have a minimum of 6” 
clearance from the storage area. 


Outlet boxes are net required to have blank covers to prevent the escape of 
arcs or sparks. 


Metal poles supporting fixtures shall have a 2” x 4” handhole (General Rule). 


Loads supplying lighting track by multiwire circuits must have the load evenly 
divided as close as possible between the circuits. 


Electric-discharge lighting fixtures installed over an outlet box must have an 
opening that gives access to the box. 


The screw shell of a lampholder may support a fixture weighing 8 Ibs. and not 
exceeding 18” in any dimension. 


Fluorescent lighting fixtures installed in suspended ceilings must be attached 
to the framing of the ceiling by clips, bolts, screws, or rivets. 


50 
Any fixture weighing 60 lbs. or less may be supported by an outlet box. 


Fixtures with exposed metal parts must be grounded if supplied by a grounded 
circuit or have insulating material. 


Conductors used for fixture wiring must not be smaller than #18. 


The open secondary voltage of electrical equipment installed in dwelling units 
can exceed 1000 volts. 


The size of wire selected for fixture studs is based on the largest conductor. 


Fixture chains must be wired with stranded wire from the outlet box connections 
to the sockets of the fixture. 


Electric-discharge lighting fixtures may be connected by flexible cord if the 
cord is visible for its entire length. 


A75° Crated THW insulated conductor may be run within 3” of ballast in the 
fixture compartment. 


Outlet boxes used to support ceiling fans weighing 35 Ibs. or less must be iden- 
tified for such use. 


Cord-and-plug connections must not be used to supply power to counter-mounted 
cooktops and wali-mounted ovens. 


The frames of recessed fixtures shall have a clearance of at least '/,” from 
combustible material (general rule). 


Tap conductors must be at least 4’ to 6’ in length from the tap to the point of 
connection to the fixture. 
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Design Problems 


Enter the answer(s) to each question and the NEC section number(s) that supports your answer(s) in the space 
provided. 


Section Answer 

aes _ 26 A 1. What is the full-load current rating of a single-phase, 240- 
volt, 15-kW electric space-heating unit? 

IT _ lee 7AA 2. Whatisthefull-load current rating of a three-phase, 240- volt, 
40-kW electric space-heating unit? 

Were 252.46 A 3. Whatisthefull-load currentrating of a three-phase, 208-volt, 
60-kW electric space-heating unit? 

Wags woo. a 4. What is the full-load current rating of a single-phase, 120- 


volt, 1,200-watt electric bathroom heater? 


5. What size THW copper conductors are required to supply a 
single-phase, 240-volt, 10-kW electric space-heating unit 
with a 2.5-amp blower motor? 


6. Whatsize THWN copper conductors are required to supply a 
three-phase, 208-voit, 35-kW electric space-heating unit 
with a 2.9-amp blower motor? 


7. What size THHN aluminum conductors are required to supply 
a three-phase, 480-volt, 45-kW electric space-heating unit 
with a 1.9-amp blower motor? 


AR X Y: 4 7 s ‘ - 
M 
CE a E Ae 8. Whatsize XHHW75° C aluminum conductors are required to 


supply a single-phase, 240-volt, 12-kW baseboard heater? 


; i og ft 5 
sieg — ~ <^ 9 č Whatsize THW aluminum conductors are required to supply 
a single-phase, 240-volt, 15-kW water heater? 

Ye y- Zib) ) OO O O oa heating unit has a total connected load of 20 kVA. 
What is the total number of 5-kW (KVA) heating elements 
required to supply the load? 

J 7 
GO 11. What is the maximum size overcurrent protection device 
permitted for a heating unit that pulls 48 amps? 
tt [ O 12. A20-amp branch circuit supplying a heating cable is located 
above a heated ceiling. What size THW copper conductors 
are required for this circuit? 
-i E ap "7 "a 

Gal -3 bZ lS.. 13. A 50-amp branch circuit supplies a continuous-load appli- 
ance which has no motor. What is the total load of the branch 
circuit OCPD? 

LIDEAP = Fa d ~ 
eae — Me 14. What is the total load in amps for twelve 300-watt infrared in- 
dustrial heating lamps used in an appliance with a 240-volt, 

) peed single-phase supply circuit? 


DA i 8 £ 
C5 &. 7 vt 15. Athree-phase, 240-volt, 60-kW electric heating unit is equipped 
with a three-phase, %4-horsepower motor. What is the full-load 
rating in amps (not for conductor selecting)? 


What size overcurrent protection device is required for an 
appliance pulling 23 amps and not equipped with a motor? 


What is the kW rating of a single-phase, 240-volt electric 
heating unit pulling 41.7 amps? 


a ee 
[00 Amp X q X 730 7 220 


ame & qa e Fee 


MOTORS AND 


CHAPTER 


MOTOR CONTROLS 


The number of motors used in residential, commercial, and industrial 
locations increases each year. These motors range in size from those 
of fractional horsepower to those of sufficient horsepower to meet 
the needs of industry. The various types and sizes of AC and DC 
motors must be protected by proper design and installation of motor 
circuits that include properly rated conductors, controls, starters, 
protection devices, and disconnecting means. 

Article 430 covers the design and installation of electrical systems 
containing motors, motor circuits, and controllers. 


MOTOR FEEDER AND BRANCH 
CIRCUITS — 430-1 


The provisions for designing and installing the 
elements of a motor system are given in this section. 


Sizing Branch-circuit Conductors — 
430-22(a) 

Conductors supplying a single motor used for a con- 
tinuous-duty load must have a current-carrying 


POWER SOURCE 
DISCONNECTING MEANS 


CONTROLLER AND MOTOR 


a BRANCH-CiIRCUIT CONDUCTORS 


3/PHASE, 230 V, 
30 HP MOTOR 


Table 310-16; 430-6; 430-22(a) 
Table 430-150 


capacity of not less than 125% of the motor full-load 
current (FLC) rating according to Tables 430-147, 
430-148, 430-149, and 430-150. 

When a motor is started, there is a momentary 
inrush current of four to six times the full current of 
the motor. This creates heat and strain on the con- 
ductors feeding the motor circuit. A current-carrying 
capacity of 125% of the motor’s full-load current 
serves to limit the full-load conditions of the motor to 
80% ampacity of the conductors and helps eliminate 
the problem of heat and strain on the conductors 
(Figure 5-1). 


PROBLEM: Find the size THW copper conductors 
required to supply this motor. 


STEP 1: Table 430-150 


A three-phase, 230-volt, 30-horsepower 
motor has an 80-amp full-load current rating. 


STEP 2: 430-22(a). 
80 amps x 125% = 100 amps. 
STEP 3: Table 310-16 


ANSWER: Size #3, 75° C rated THW copper con- 
ductors are required. 


Figure 5-1. Sizing branch-circuit conductors for a single motor. 
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For multispeed motors, the circuit conductors must 
be sized to the controller large enough to supply the 
highest nameplate full-load current rating of the motor 
windings involved (Figure 5-2). See 430-52(a), Ex., 
which allows a single OCPD to serve each speed. The 
OCPD and conductors are based on the speed with the 
greater ampacity. Each speed shall be provided with 
overload protection. 


CONTROLLER 


V 
ze POWER SOURCE 


DISCONNECTING MEANS 


BRANCH-CIRCUIT 
CONDUCTORS 


3/PHASE, 230 V, 
MULTISPEED 
MOTOR 


Table 310-16 
430-22(a, b) 
430-52(a), Ex. 
PROBLEM: Find the size branch-circuit THW conduc- 
tors required for various speeds of the multispeed 
motor. 


STEP 1: 430-22(a). 


125 amps x 125% = 156 amps 
35amps x 125% = 43.7 amps 
58 amps x 125% = 72.5 amps 
17 amps x 125% = 21 amps 


STEP 2: Table 310-16 


ANSWER: 156 amps require #2/0 THW copper conduc- 
tors; 43.7 amps require #8 THW copper conductors; 72 
amps require #4 THW copper conductors; 21 amps re- 
quire #12 THW copper conductors. 
ee ee 

PROBLEM: Find thesize of branch-circuit conductors 
required from the controller to the overcurrent 
protection device. 


STEP 1: 430-22/(a). 
125 amps x 125% = 156 amps. 
STEP 2: Table 310-16 


ANSWER: Size #2/0 THW copper conductors are 
required. 


Figure 5-2. Sizing branch-circuit conductors for a multispeed 
motor, based on the maximum RPM rating. The amperage 
values of each speed of a multispeed motor are obtained from 
the RPM values. 


Exception No. 1. When a motor is not continuous- 
duty but operates on a short-time duty cycle, the 
motor windings and circuit conductors have a chance 
to cool during periods of rest. These motors do not 


require conductors with a current-carrying capacity 
of 125% of the motor’s full-load current. The con- 
ductors are sized from the percentage of nameplate 
current rating listed in Table 430-22(a), Exception, 
according to the classification of service of the motor. 

Table 430-22(a), Exception, includes requirements 
for sizing conductors to supply individual motors that 
are used for short-time, intermittent, periodic, or 
varying duty. Conductor sizing changes with the 
application, as the starting and stopping duration of 
operation cycles imposes varying heat loads on the 
conductors (Figure 5-3). 


POWER SOURCE 
DISCONNECTING MEANS 


CONTROLLER AND MOTOR 
—— BRANCH CIRCUIT CONDUCTORS 


3/PHASE, 460 V, 
100 HP MOTOR 
15-MINUTE 
DUTY CYCLE 


Table 310-16 
Table 430-22(a), Ex. 
Table 430-150 


PROBLEM: Find the size THW copper conductors 
required to supply this intermittent-duty motor. 


STEP 1: Table 430-150 


A three-phase, 460-volt, 100-horsepower 
motor has a 124-amp full-load current rating. 


STEP 2: Table 430-22(a), Ex. 


A 15-minute rated motor allows 85% of the 
nameplate current rating. 


124 amps x 85% = 105 amps. 
STEP 3: Table 310-16 


ANSWER: Size #2 THW copper conductors are 
required. 


Figure 5-3. Sizing branch-circuit conductors for a duty-cycle motor. 


Conductors Supplying Several Motors 
— 430-24 


To find the size of conductors for a feeder supplying 
two or more motors, multiply the full-load current 
rating of the largest motor of the group by 125%. Add 
the full-load current rating of the remaining motors to 
this total (Figure 5-4). 


OVERCURRENT 
PROTECTION DEVICE 


FEEDER 


CONDUCTORS POWER 
SOURCE 


GUTTER 


a7 DISCONNECTING MEANS 


CONTROLLERS 


10 HP 15 HP 20 HP 
L Jt =) 


3/PHASE, 480 V MOTORS 


Table 310-16 
430-24; Table 430-150 
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PROBLEM: Find the size THW copper conductors 
required to supply these motors. 


STEP 1: Table 430-150 


The full-load current ratings of the motors 
are: 


Horsepower Amps 
10 14 
15 en 
20 2m 


STEP 2: 430-24. 


Add 125% of the full-load current rating of 
the largest motor plus the full-load current 
rating of the remaining motors. 


125% x 27 amps = 33.75 amps 
21.00 amps 
14.00 amps 


68.75 amps 
STEP 3: Table 310-16 


ANSWER: Size #4 THW copper conductors are 
required. 


Figure 5-4. Sizing feeder conductors for two or more motors. 


If one of the motors is classified as intermittent- load current rating of the motor. Find the largest 
duty, find its amperage rating in Table 430-22(a), motor and multiply its rating by 125%. Add the 
Exception. For each continuous-duty motor, deter- ratings of all the other motors. Use this total to size 
mine the amperage rating based on 100% of the full- the feeder conductor (Figure 5-5). 


PROBLEM: Find the size THW copper conductors re- 
POWER SOURCE quired to supply these motors based on their duty 
cycles. 


STEP 1: Table 430-150 
GUTTER VERCURRENT i 
j E ERE RT The full-load current ratings of the motors 
DEVICE are: Horsepower Amps 


FEEDER CONDUCTORS 


DISCONNECTING 
aa MEANS AND 
COMBINATION 


SIARTER STEP 2: 430-24. 


Add 125% of the full-load current rating of 
10 HP 20 HP 30 HP the largest motor plus the full-load current 
15-MINUTE 5-MINUTE CONTINUOUS rating of eachremaining motor basedonthe 


DUTY CYCLE DUTY CYCLE $ : 
i ji duty cycle from Table 430-22(a), Exception. 


3/PHASE, 460 V MOTORS 125%x 40amps=50 amps 
Í 85%x 27 amps = 22.9amps 
85%x 14amps=11.9amps 


84.8 amps 


Table 310-16; Table 430-22(a), Ex. : 
430-24; Table 430-150 STEP 3: Table 310-16 


ANSWER: Size #4 THW copper conductors are 
required. 


Figure 5-5. Sizing feeder conductors for two or more motors with duty cycles. 
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Wound-rotor Secondary — 430-23 


Wound-rotor motors are three-phase motors that 
operate in the same manner as squirrel-cage induction 
motors. The only difference between the two is that 
the wound-rotor motor has two sets of leads extending 
from the controller anda bank of resistors to slip rings 
that are connected to the rotor. As the amount of 
resistance in the motor circuit varies, the speed of the 
motor also varies. The greater the resistance in the 
rotor, the slower the rotor will run, and vice ver- 
sa. The resistor banks may be separate from the 
motor, or the resistances may be incorporated in 
the controller. 


Continuous Duty — 430-23(a). The secondary 
leads between the controller and the motor must be 
sized at not less than 125% of the secondary full-load 
current of the motor. This rating is obtained from the 
manufacturer or found on the nameplate of the motor. 


Other than Continuous Duty — 430-23(b). The 
secondary conductors may be sized at less than 125% 
of the secondary current when the motor is used for 
periodic duty. Table 430-22(a), Ex. must be followed, 
with the conductors sized by the classification of 
service and the correct percentages applied. 


Resistor Separate from Controller — 430-23(c). 
When the resistor bank is separately installed and is 
not part of the controller, the leads between the con- 
troller and the resistor bank must be sized according 
to the resistor duty classification listed in Table 430- 
23(c) (Figure 5-6). 


Conductors Supplying Motors and Loads — 
430-25. When combination loads are involved and 
one or more motor loads are on the same circuit with 
lights or appliances, calculate the motor load by either 
430-22(a) or 430-24. Figure other loads by Article 
220 or other applicable articles. The total of all the 
loads equals the ampacity required for the circuit 
(Figure 5-7). 


SIZING THE BRANCH-CIRCUIT 
PROTECTION DEVICE — 
TABLE 430-152 


To select the proper size overcurrent protection 
device to protect the conductors yet allow the motor 
to start as a result of momentary inrush current (six 
times the motor’s full-load current), it is necessary to 
know the different elements listed under “Type of 
Motor” in Table 430-152. Table 430-152 also lists 
four columns for the different percentages for the 
particular protection device used. 


POWER SOURCE 


440 V POWER CONDUCTORS DISCONNECTING 


MEANS 


CONTROLLER 


DRUM CONTROLLER 
RESISTOR BANK 
CONDUCTORS 
RESISTOR BANK 
SECONDARY CIRCUIT 


3/PHASE, 440 V, 40 HP 
WOUND-ROTOR MOTOR 


Table 310-16 
430-22(a); 430-23 
Table 430-150 
Table 430-23(c) 


PROBLEM: This motor has arating of 388 amps inthe 
secondary conductors. The resistor bank, mounted 
separately from the drum controller, controls motor 
speed. Find the sizes of the THW copper conductors 
required for: 


A. The motor’s power conductors 
B. The motor’s secondary conductors 
C. The resistor bank conductors 


A. MOTOR’S POWER CONDUCTORS 
STEP 1: Table 430-150 


The full-load current rating of the motor is 52 
amps. 


STEP 2: 430-22(a). 
125% x 52 amps = 65 amps 
STEP 3: Table 310-16 


ANSWER: Size #6 THW copper conductors are 
required. 
B. MOTOR’S SECONDARY CONDUCTORS 
STEP 1: 430-23(a). 
125% x 38 amps = 47.5 amps. 
STEP 2: Table 310-16 
ANSWER: Size #8 THW copper conductors are 
required. 
C. RESISTOR BANK CONDUCTORS 
STEP 1: Table 430-23(c). 
110% x 38 amps = 41.8 amps. 
STEP 2: Table 310-16 


ANSWER: Size #8 THW copper conductors are 
required. 


Figure 5-6. Sizing power, secondary, and resistor bank conductors 
for a wound-rotor motor. 
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FEEDER CIRCUIT 
#1 THW CU CONDUCTORS 


P, C? O 
O-2Y-29 


4 


12 A CONTINUOUS. 
DUTY APPLIANCE 
PER PHASE 


O 


SINGLE/PHASE 
240 V, 
5 HP MOTORS 


PER PHASE 


220-10(a); 220-22; Table 310-16 
430-24; 430-25 
Table 430-148 


PROBLEM: What size THW copper conductors are 
required for the feeder circuit? 


STEP 1 (240-VOLT MOTORS): Table 430-148 
Motors of 5 horsepower pull 28 amps each. 
STEP 1 (120-VOLT MOTORS): Table 430-148 


A motor of 3 horsepower pulls 34 amps. A 
motor of 12 horsepower pulls 9.8 amps. 


STEP 2 (APPLIANCE LOADS): 220-10(a). 
12 amps x 100% = 12 amps. 
STEP 3 (LIGHTING LOADS): 220-10(a). 


10 amps x 100% = 10 amps. 


10 A CONTINUOUS. 3 HP 
DUTY LIGHTING 


150 A OCPD 
e 220-10(b) 
* 240-3(b) 

e 240-6 


DISCONNECTING MEANS 


An LA 
1/2 HP 
[T | 
SINGLE/PHASE, 


120 V MOTORS 
2 PER PHASE 


STEP 4 (CALCULATING ALL LOADS): 430-24. 


34 amps x 125% = 
plus remaining motors 


42.5 amps 
28 amps 
28 amps 

9.8 amps 
12 amps 


10 amps 
130.3 amps 


plus appliance load 
plus lighting load 


STEP 5: Table 310-16 


ANSWER: Size #1 THW copper conductors are required 
for Phases A and B. 


STEP 6: 220-10(a); 220-22; 430-24. 


34 amps x 125% = 
plus remaining motors 
plus appliance loads 
plus lighting loads 


42.5 amps 
9.8 amps 
12 amps 


10 amps 
74.3 amps 


STEP 7: Table 310-16 


ANSWER: Size #4 THW copper conductors are 
required for neutral. 


Figure 5-7. Sizing feeder conductors for combination loads. 


Types of Motors — Table 430-152 


The different types of motors are: 
1. Single-phase AC squirrel-cage 

. Three-phase squirrel-cage 

. Wound-rotor 

. Synchronous 

DC 


wm oo 


Single-phase AC Squirrel-cage Motors. A squirrel- 
cage motor is an induction motor. The field windings 


act as the primary, and the rotor acts as the secondary. 
An induction motor operates on the same principles 
as a transformer’s primary and secondary windings. 
Split-phase (single-phase) induction motors require 
an additional winding (called a starting winding) on 
the stator. This winding has a higher resistance than 
the running winding. The difference in resistance 
creates a phase displacement between the two windings. 
The split-phase motor derives its name from the phase 
displacement. 
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This angular phase displacement is approximately 
18° to 30° in time. Splitting the phases provides 
enough starting torque (twist or force) to start the 
motor. When the rotor starts turning (spinning) and 
comes up to running speed (approximately 75% to 
80% of synchronous speed), a centrifugal switch placed 
in the circuit of the starting winding opens the starting 
winding. The motor will then operate on the running 
winding (Figure 5-8). 


CENTRIFUGAL 
SWITCH 


STARTING WINDING 


2 POWER SOURCE 


RUNNING WINDING 
Table 430-152 


Figure 5-8. Split-phase (single-phase) squirrel-cage induction 
motors operate on 120-volt or 240-volt systems. 


Three-phase Squirrel-cage Motor. A three-phase 
induction motor operates with the generated magnetic 
fields 120° out of phase with each other. It has good 
starting torque and can start by itself. This type of 
motor is similar in principle to three people riding 
bicycles, each making a downward stroke on a pedal 
at a different time. At least one rider is always making 
this stroke (delivering a power stroke). As one rider 
leaves the peak (power stroke), another rider will 
peak and so on, delivering a smooth, steady power 
stroke. Three-phase motors deliver consistent output, 
as there is always a peak phase of the current. In a 
single-phase motor there is a loss of power when the 
alternating current reverses its direction of flow. Ina 
three-phase motor, when the alternating current of 
one phase reverses itself, the current of another of the 
three-phases will peak, creating a smooth and con- 
tinuous source of power (Figure 5-9). 


Wound-rotor Motor. A wound-rotor motor is a 
three-phase motor. It operates in the same manner as 
a squirrel-cage induction motor. The wound-rotor 
motor, however, has two sets of leads extending from 
the controller and a bank of resistors to slip rings that 
are connected to the rotor. When resistance in the 
rotor circuit varies, the speed of the motor also varies. 


3/PHASE POWER SOURCE 
3/PHASE WINDING 


DISCONNECTING MEANS 


Table 430-152 


Figure 5-9. Three-phase squirrel-cage induction motors operate 
only on three-phase systems. 


The greater the resistance in the rotor, the slower the 
motor willrun, and vice versa. The resistor banks may 
be separate from the motor, or the resistances may be 
incorporated in the controller. (Refer to Figure 5-6). 


Synchronous Motor. A synchronous motor is 
designed to run at a specified speed. It is available in 
two types, nonexcited and direct-current excited. A 
wide range of sizes for various applications is avail- 
able. A direct-current excited synchronous motor 
requires a DC source to excite its field. The DC 
current of the rotor field interacts with the stator AC 
current to produce the torque required to turn the 
rotor at a synchronous speed (Figure 5-10). 


AC POWER SOURCE 


DC POWER 
SOURCE 


ROTOR 


Table 430-152 


Figure 5-10. Three-phase synchronous motors are supplied by 
AC and DC current to obtain synchronous speed. 


DC Motors. A DC motor operates on direct current 
only. It is designed in two main parts: the stator 
(which is the stationary frame of the motor, known as 
the field); and the rotor (armature), mounted on the 
drive shaft. The speed of aDC motor may be adjusted 
by applying direct current to the rotor. A DC motor 
requires a DC source of power (Figure 5-11). 


POWER SOURCE 
DISCONNECTING MEANS 


CONTROLLER 


ROTOR MOTOR 


Table 430-152 


Figure 5-11. DC motors are supplied by DC current only. 


Types of Starting Methods — Table 
430-152 


The starting method of a motor must be considered in 
sizing the overcurrent protection device. The four 
starting methods listed in Table 430-152 are: 

1. Full-voltage starting 

2. Resistor starting 

3. Reactor starting 

4. Autotransformer starting 


Full-voltage Starting. Full-voltage starting applies 
the supply voltage directly to the motor (Figure 5-12). 
If the supply voltage from the power company is 
three-phase and 480 volts, then full-voltage starting 
will apply 480 volts directly to the motor’s windings. 
The motor is connected across the line in one step by 
closing a single main switch, such as a disconnecting 
switch or circuit breaker. ASTART and STOP push- 
button station could be used to control a coil in a 
magnetic starter that bridges the line to the load 
terminals of the motor. 


POWER SOURCE 


DISCONNECTING MEANS 


CONTROLLER 


MOTOR 


Table 430-152 


Figure 5-12. Full-voltage starting applies supply voltage directly 
to the motor. 
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Resistor Starting. Resistor starting is accomplished 
by placing a resistor in series with each phase of the 
motor to achieve reduced-voltage starting (Figure 
5-13). Resistor starting reduces the torque efficiency 
of a motor to a value less than that of full-voltage 
starting. 


va RESISTOR 
STARTING 
Le CONTACTS 
POWER SOURCE 


RELAY CONTACTS 


Table 430-152 


Figure 5-13. Resistor starting applies a percentage of reduced 
voltage and starting current to the motor. 


Reactor Starting. Reactor starting is accomplished 
by placing a reactor in series with each phase of the 
motor to achieve reduced-voltage starting (Figure 
5-14). Reactor starting does not create the insulation 
problems that occur when resistors are used to reduce 
voltage and current in starting a motor. Reactor 
starting is used mainly for motors with high-voltage 
systems. As with resistor starting, the torque efficiency 
of reactor starting is less than that of full-voltage 
starting. 


STARTING 


vo REACTOR COIL 
CONTACTS 
; y 
sd POWER SOURCE 


RELAY CONTACTS 


Table 430-152 


Figure 5-14. Reactor starting applies a percentage of reduced 
voltage and starting current to the motor. 


Autotransformer Starting. Autotransformer starting 
is accomplished by providing taps to start the motor 
at 65% to 80% of the applied line voltage. When the 
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motor is above 50 horsepower, a tap of 50% at the 
applied line voltage must be provided to start the 
motor. Autotransformer starting consists of an auto- 
transformer with step-down taps and a switching 
device to start the motor. Once started, the switching 
device switches the autotransformer out of the circuit, 
and the motor is connected directly to the line. Auto- 
transformer starting is the most popular reduced- 
starting method, since it has the same effect (torque 
efficiency) as full-voltage starting (Figure 5-15). 


TAP 
PERCENTAGES 


AUTOTRANSFORMER 


POWER SOURCE 


DISCONNECTING 


CONTROLLER MEANS 


Table 430-152 


Figure 5-15. Autotransformer starting applies a percentage of 
reduced voltage and starting current to the motor, but it produces 
the same effect as full-voltage starting. 


Code Letters — Tables 430-7(b) and 
430-152 


Code letters must be put on motors by the manu- 
facturer. These code letters are used for figuring and 
selecting the size of the running overload protection 
or short-circuit protection. The locked-rotor current 
(LRC) of a motor is the current the motor will pull 
when the rotor of the motor is stalled or starting. 
Overcurrent protection devices must be set above 
the locked-rotor current of the motor to prevent the 
overcurrent device from opening the circuit to the 
motor. 


Finding Locked-rotor Current Using Code Letter. 
Assume that the nameplate on a three-phase 230- 
volt, 25-horsepower motor bears the code letter 
G and specifies a temperature rise of 40° C. Table 
430-7 (b) lists the kVA (kilovolt-amps) per horsepower 


with the locked-rotor current for the code letter G. To 
find locked-rotor current, apply values to the following 
formula. NOTE: The figure 1.732 is the square root 
Glas, 


k x volt-amps x horsepower — amps 
volts x 1.732 


Using the figure 6.29 from Table 430-7(b), calculate 
the locked-rotor current of a motor as follows: 


1,000 x 6.29 x 25 horsepower _ 157,250 
230 volts x 1.732 398 


= 395 amps 


Finding Locked-rotor Current Using Horse- 
power Rating. Table 430-151 may be used to find 
the locked-rotor current of a motor. The locked-rotor 
currents in this table are calculated from the full-load 
current ratings in either Table 430-148 or Table 430- 
150 and are based on the voltage and horsepower 
rating of the motor. The locked-rotor current equals 
six times the full-load current rating of the motor 
listed in Table 430-150. For example, a 25-horse- 
power, 230-volt, three-phase motor pulls 68 amps 
according to Table 430-150 (Figure 5-16). However, 
when the code letter is not known, electricians and 
engineers, to be safe, will select the locked-rotor 
current from Table 430-151 for sizing the overcurrent 
protection device above the locked-rotor current of 


POWER SOURCE 
DISCONNECTING MEANS 


CONTROLLER 


3/PHASE, 230 V, 
25 HP MOTOR 


Table 430-150 
Table 430-151 


PROBLEM: Determine the locked-rotor current 
required for this motor. 


STEP 1: Table 430-150 


68 amps x 6 = 408 amps locked-rotor 
current rating. 


STEP 2: Table 430-151. 
ANSWER: The locked-rotor current rating of athree- 
phase, 230-volt, 25-horsepower motor is 408 amps. 


Figure 5-16. Finding locked-rotor current using the horsepower 
rating of the motor. 


the motor to prevent the circuit from opening when 
the motor is started. In most cases, four times the full- 
load current of the motor equals the locked-rotor 
current for the motor (4 x 68 amps = 272 amps). 


Types of Overcurrent Devices — Table 
430-152, Columns 1, 2, 3, 4. 


The overcurrent protection device must be sized to 
protect the branch-circuit conductors. Also, the motor 
must start without the circuit opening as a result of 
the momentary inrush current of the motor. The 
selection of the overcurrent protection device may be 
made with the help of Table 430-152, which lists four 
columns of devices: 


Column 1: Nontime-delay fuses 

Column 2: Time-delay fuses 

Column 3: Instantaneous trip circuit breaker 
Column 4: Inverse-time circuit breaker 


Column 1. The first column lists ordinary nontime- 
delay fuses. Instantaneous trip features in these fuses 
detect shorts in the circuit. Thermal features sense 
heat build-up in the circuit. Once blown, nontime- 
delay fuses are no longer usable. An ordinary fuse will 
hold 500% of its rating for approximately one-fourth 
second (Figure 5-17). For example: 


100-amp fuse x 5 = 500 amps 


100 A FUSE ELEMENT 


Table 430-152 


Figure 5-17. A nontime-delay fuse will hold five times its rating 
for 1⁄4 second. Some nontime-delay fuses will hold up to 2 seconds. 


Column 2. The second column lists time-delay fuses 
with thermal and instantaneous trip features. Their 
time-delay action allows the motor to start as a result 
of the starting current of the motor, which is usually 
six times the full-load current of the motor. See 
Table 430-150 and Table 430-151. Time-delay fuses 
will hold five times the ampacity rating for ten 
seconds (Figure 5-18). For example: 


100-amp rated fuse x 5 = 500 amps 
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This delay of time will allow almost any motor to start 
without opening the circuit. 


OVERLOAD 
ELEMENT SHORT-CIRCUIT 
A ELEMENT 


100 A FUSE 


SHORT-CIRCUIT 
LINK 


Table 430-152 


Figure 5-18. A time-delay fuse will hold five times its rating for ten 
seconds. 


Column 3. The third column lists instantaneous trip 
circuit breakers. They respond to instantaneous values 
of current from a short circuit. This type of circuit 
breaker is not equipped with thermal protection. It 
will trip at approximately three times its rating on the 
low setting and at approximately ten times its rating 
on the high setting or can be adjusted from 0 to 
1300%. (Figure 5-19). 


N 


Table 430-152 


Figure 5-19. An instantaneous trip circuit breaker will hold three 
times its rating on the low setting and ten times its rating on 
the high setting or can be adjusted from 0 to 1300%. 


Column 4. The fourth column lists inverse-time 
circuit breakers. They have both thermal and instan- 
taneous trip features. The thermal action of this circuit 
breaker responds to heat. If a motor’s ventilation 
inlets and outlets are not adequate to dissipate heat 
from the windings of the motor, the heat will be 
detected by the thermal action of the circuit breaker. 
If a short should occur, the magnetic action of the 
circuit breaker will detect the instantaneous values of 
current and trip the breaker. This is the most common 
type of circuit breaker used. 
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A 100-amp or less circuit breaker will hold a 300% 
overload for four seconds on 240 volts, or a 300% 
overload for nine seconds on 480 volts. A 100-amp to 
225-amp circuit breaker will hold a 300% overload on 
240 volts or 480 volts for thirty-five seconds. A 400- 
amp to 500-amp circuit breaker will hold a 300% 
overload for fifty seconds, and a 600-amp circuit 
breaker will hold a 300% overload for forty seconds 
(Figure 5-20). NOTE: The preceding trip ratings are 
rule of thumb. 


CIRCUIT BREAKER TRIP RATINGS 


Size Volts Percent of Time 
(Amps) Load held (seconds) 
100 240 300% 4 
100 480 300% 9 
110-225 240/480 300% 35 
400-500 240/480 300% 50 
600 240/480 300% 40 


Figure 5-20. An inverse-time circuit breaker will hold 300% of its 
rating. 


Ratings for Individual Motor Circuits — 430-52. 
When the percentages in Table 430-152 do not allow 
the motor to start because of unusually large starting 
currents, larger percentages may be applied: 

1. Ratings for nontime-delay fuses not exceeding 
600 amps may be increased to 400% of the full-load 
current of the motor but must not exceed 400%. 

2. Ratings for time-delay fuses may be increased 
to 225% of the full-load current of the motor but must 
not exceed 225%. 

3. Ratings for inverse-time circuit breakers may 
be increased but must not exceed 400% of the full- 
load current up to 100 amps. An increase of 300% is 
permitted for a full-load current greater than 100 
amps. 

4. Ratings for instantaneous trip circuit breakers 
may be increased but must not exceed 1,300% of the 
motor’s full-load current. 


Designing and Selecting Overcurrent 
Protection Devices — Table 430-152 


Figure 5-21 shows the step-by-step procedure for 
sizing the overcurrent protection device for a motor 
using a nontime-delay fuse. Section 430-52(a), Ex. 1, 
allows use of the next higher size fuse or circuit 
breaker when the values desired do not correspond 
to standard size devices adequate to carry the load. 

Figure 5-22 shows the step-by-step procedure for 
sizing the overcurrent protection device for a motor 
with a time-delay fuse. 

Suppose that a shop superintendent wants an in- 
stantaneous trip circuit breaker installed ahead of a 
combination starter with disconnecting means to 
control a processing machine. This will free the 
machine operator from the task of resetting the regular 
type of circuit breaker that has been tripping out 
because of its thermal action. Figure 5-23 shows the 
step-by-step procedure to determine the size of the 
instantaneous trip circuit breaker required. 

Figure 5-24 shows the step-by-step procedure for 
sizing the overcurrent protection device for a motor 
requiring an inverse-time circuit breaker. 


POWER SOURCE 


DISCONNECTING MEANS 
(NON-TIME DELAY FUSE) 


CONTROLLER AND MOTOR 
RUNNING OVERCURRENT 
PROTECTION 


MAX. SIZE OCPD 
68 A x 400% = 272A 


3/PHASE, 230 V, 
25 HP MOTOR 


240-6; Table 430-150 
Table 430-152 


PROBLEM: Find the size of the overcurrent protec- 
tion device required for this motor with full-voltage 
starting and code letter F. 


STEP 1: Table 430-150 


A 230-volt, 25-horsepower motor has a 68- 
amp full-load current rating. 


STEP 2: 430-52(a), Ex. 1; Table 430-152 


The maximum allowed is 300%. 
68 amps x 300% = 204 amps. 


STEP 3: 240-3(f); 240-6. 


ANSWER: The next standard size larger fuses is 225 
amps. The minimum size is 200 amps. 


NOTE: If the motor will not start, a 250-amp fuse 
may be used per 430-52(a), Ex. 2a. 


iia 5-21. Designing a motor circuit using a nontime-delay 
se, 
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PROBLEM: Find the size of the overcurrent protec- 
POWER SOURCE tion device required for this motor with full-voltage 
starting and code letter G. 
DISCONNECTING MEANS 
(TIME DELAY FUSE) STEP 1: Table 430-150 
CONTROLLER AND MOTOR A 20-horsepower, 460-volt motor has a 27- 
RUNNING OVERCURRENT amp full-load current rating. 


PROTECTION 
E RTE STEP 2: 430-52(a), Ex. 1; Table 430-152 
20 HP MOTOR MAX. SIZE OCPD The maximum allowed is 175%. 
27 A x 225% = 60.75 A 27 amps x 175% = 47 amps. 
STEP 3: 240-3(f); 240-6. 


ANSWER: The nearest standard size larger fuse is 
50 amps. The minimum size is 45 amps. 


NOTE: If the motor will not start, a 60-amp fuse may 
be used per 430-52(a), Ex. 2b. 


240-6; Table 430-150 
Table 430-152 


Figure 5-22. Designing a motor circuit using a time-delay fuse. 


PROBLEM: Find the size of the instantaneous trip 
INSTANTANEOUS POWER SOURCE circuit breaker required to hold the starting current 
TRIP CB of this motor, which has no code letter. 


DISCONNECTING MEANS 
STEP 1: Table 430-150 


A three-phase, 460-volt, 75-horsepower 
CONTROLLER motor has a 96-amp full-load current rating. 
MAX. SIZE OCPD STEP 2: 430-52, Ex. 1; Table 430-152 


96 A x 1300% = 1248 A 
The maximum allowed is 700%. 


3/PHASE, 460 V, 96 amps x 700% = 672 amps. 
75 HP MOTOR 
STEP 3: 240-3(f); 240-6. 


ANSWER: The setting must not exceed 672 amps. 


240-6; Table 430-150 
Table 430-152 NOTE: If the motor will not start, a 1248-amp setting 


may be used per 430-52(a), Ex. 2a. 


Figure 5-23. Designing a motor circuit using an instantaneous trip circuit breaker. 


PROBLEM: Find the size of the inverse-time regular 
circuit breaker required for this motor, which has 
autotransformer starting and code letter H. 


STEP 1: Table 430-150 


A three-phase, 460-volt, 60-horsepower 
CONTROLLER AND MOTOR motor has a 77-amp full-load current rating. 


Soren A EnENT STEP 2: 430-52(a), Ex. 1; Table 430-152 


POWER SOURCE 


DISCONNECTING MEANS 


3/PHASE, 460 V, The maximum allowed is 200%. 
60 HP MOTOR MAX. SIZE OCPD 77 amps x 200% = 154 amps. 


il E STEP 3: 240-3(f); 240-6 

ANSWER: The nearest standard size larger CB is 

175 amps. The minimum size is 150 amps. 

240-6; Table 430-150 
Table 430-152 NOTE: If the motor will not start, a 300-amp CB may 


be used per 430-52(a), Ex. 2c. 


Figure 5-24. Designing a motor circuit using an inverse-time circuit breaker. 
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Locked-rotor Current — Table 430-151. Sizing 
the overcurrent protection device above the locked 
rotor current rating of the motor will in most cases 
permit the motor to start without opening the circuit. 
Obviously, the sizing of the overcurrent protection 
device and the running overload protection depends 
on the load the motor is driving and the environment 
where the motor and controller are located. 


Inverse-time Circuit Breaker. Figure 5-25 shows 
the step-by-step procedure for sizing the overcurrent 
protection device above the locked rotor current of 
the motor using an inverse-time circuit breaker. The 
circuit breaker is designed to be close to the locked 
rotor current rating of the motor. Normally circuit 
breakers are not designed so that the possibility of 
frequent tripping could occur. However, when personnel 
are available for monitoring the system, settings 
closely above locked rotor current ratings are efficient 
and logical design. NOTE: Designers usually size the 
overcurrent device according to Table 430-152, 
although field application sometimes requires the 
table’s percentages to be adjusted higher or lower. 
Refer to Figure 5-20. 


Time-delay Fuse. Any of the protection devices in 
Table 430-152, Columns 1, 2, 3, or 4, may be sized 


POWER SOURCE 


DISCONNECTING MEANS 
(INVERSE TIME CB) 


CONTROLLER AND MOTOR 
RUNNING OVERCURRENT 
PROTECTION 


3/PHASE, 230 V, 
10 HP MOTOR 


240-6; Table 430-150 
Table 430-151; Table 430-152 


above the locked rotor current rating of the motor. 
Under normal conditions of use, the motor will start 
as a result of the inrush current of the motor. The 
same step-by-step procedure shown in Figure 5-25 is 
followed when sizing overcurrent protection devices 
above the locked rotor current ratings in Table 430- 
152 (Figure 5-26). Refer to Figure 5-18. 

NOTE: Designers use 125% times the full-load 
running current of the motor when designing with 
time-delay fuses. This sizes the fuse above the locked 
rotor current rating of the motor. For example: 68 
amps FLC x 125% = 81 amps. The next smaller size 
standard fuse, 80 amps, will comply. By sizing the 
time-delay fuse at 110% to 125%, backup protection 
is provided in case the thermal overloads should fail. 


Sizing the Overcurrent Protection 
Device for a Feeder Supplying Two or 
More Motors — 430-62 


To size the overcurrent protection device for a feeder 
supplying two or more motors, first determine which 
motor requires the largest overcurrent protection 
device. The motor’s full-load current rating times the 
percentages from Table 430-152 will give the ampacity 
to size the device. To use the next highest rating, 
430-52(a), Ex. 1, must be applied. If the motor will 


PROBLEM: Find the size of the required inverse- 
time circuit breaker above the locked-rotor current 
of this motor. 


STEP 1: Table 430-150 


A three-phase, 230-volt, 10-horsepower 
motor has a 28-amp full-load current rating. 


STEP 2: Table 430-152 


The maximum allowed is 250%. 
28 amps x 250% = 70 amps. 


STEP 3: 240-6. 
A 70-amp circuit breaker is a standard size. 
STEP 4: Table 430-151 


The locked-rotor current is 168 amps. See 
Footnote. 
28 amps x 6 = 168 amps. 


STEP 5: Multiply circuit breaker amps by 3. 
70 amps x 3 = 210 amps. 


The result, 210 amps, is above the locked- 
rotor current rating of the motor. 


STEP 6: 240-6. 


Asmaller size circuit breaker may be used. 
For example, 
60 amps x 3 = 180 amps. 


ANSWER: The 60-amp circuit breaker will comply. 


Figure 5-25. Sizing a circuit breaker rating above the locked-rotor current of the motor. 


POWER SOURCE 


DISCONNECTING MEANS 
(TIME DELAY FUSE) 


CONTROLLER AND MOTOR 
RUNNING OVERCURRENT 
PROTECTION 


3/PHASE, 460 V, 
50 HP MOTOR 


240-6; Table 430-150 
Table 430-151; Table 430-152 


PROBLEM: Find the size of the required time-delay 
fuse above the locked-rotor current of this motor, 
which has resistor starting and code letter H. 


STEP 1: Table 430-150 


A three-phase, 460-volt, 50-horsepower 
motor has a 65-amp full-load current rating. 
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STEP 2: Table 430-152 


The maximum allowed is 175%. 
65 amps x 175% = 113.7 amps. 


STEP 3: 240-6. 


A 125-amp fuse is a standard size. 


STEP 4: Table 430-151 


The locked-rotor current is 390 amps. See 
Footnote. 
65 amps x 6 = 390 amps. 


STEP 5: Multiply fuse amps by 5. 
125 amps x 5 = 625 amps 


625 amps is above the locked-rotor 
current rating of the motor. 


STEP 6: 240-6. 


A smaller size fuse may be used. For 
example, 
80 amps x 5 = 400 amps. 


ANSWER: The 80-amp fuse will comply. 


Figure 5-26. Sizing a time-delay fuse rating above the locked-rotor current of the motor. 


start, 430-52(a), Ex. 1 shall not be used. Add the rating 
of this overcurrent protection device to the full-load 
current ratings of the remaining motors. From the total 
obtained, select the next lower standard overcurrent 
protection device from 240-6. Figure 5-27 shows the 


POWER 
SOURCE 


CB 


DISCONNECTING MEANS 


Xe CONTROLLERS 


30 HP 20 HP 


3/PHASE, 460 V MOTORS 


430-62; Table 430-150 
Table 430-152 


step-by-step procedure for sizing the overcurrent protec- 
tion device for a feeder supplying two or more motors. 

There is no exception to 430-62 that permits the 
next larger size overcurrent protection device to be 
used. Therefore, a smaller size must be used. 


PROBLEM: Find the size circuit breaker required for 
these motors. 


STEP 1: Table 430-150 


The motor ratings are: 
Horsepower Amps 
40 52 
30 40 
20 27 
10 14 


STEP 2: Table 430-152 


The maximum allowed is 250%. 
52 amps x 250% = 130 amps. 


NOTE: 430-52(a), Ex. 1 allows a 150-amp 
cjrcuit breaker if the largest motor won't start. 


STEP 3: 430-62(a). 


125-amp circuit breaker + 40 amps 
+ 27 amps +14 amps = 206 amps. 


ANSWER: The next lower standard size circuit 
breaker is 200 amps. 


Figure 5-27. Sizing an overcurrent protection device for a feeder supplying two or more motors. 
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DESIGNING A SINGLE BRANCH 
CIRCUIT TO SUPPLY TWO OR MORE 
MOTORS — 430-52 and 430-53 


Two or more motors, or one or more motors and other 
loads, may be connected to one circuit protected by 
the circuit device if the requirements and provisions 
of 430-53 are followed. 


Motors Not Over 1 Horsepower in 
Rating — 430-53(a) 

Two or more motors rated less than 1 horsepower 
each, and drawing 6 amps or less of full-load running 
current, may be installed without individual over- 
current protection devices. They must be portable, 
manually started, and within sight of the starter. If 
these conditions are not met, running overload pro- 
tection must be provided that conforms to 430-32 for 
each motor. The overcurrent protection device must 
not be larger than 20 amps at 125 volts or less, or 15 
amps at 600 volts or less. Figure 5-28 shows several 
fractional-horsepower motors. The combined amper- 
age must not exceed the branch-circuit rating. 


120 V BRANCH CIRCUIT 


POWER 
SOURCE 


20 A CB 


1/8 HP 1/6 HP 1/8 HP 1/6HP 1/4 HP 
= Jt =L PO eee 


SINGLE/PHASE, 120 V MOTORS 


430-53(a) 


Figure 5-28. Several fractional-horsepower motors may be installed 
on one branch circuit. 


Smallest Motor Protected — 430-53(b) 


Two or more motors of different ratings may be 
connected to a branch circuit as long as the maximum 
rating of the overcurrent protection device will protect 
the smallest motor of the group and still allow the 
largest motor to start. The overcurrent protection 
device must be set no higher than permitted by Table 
430-152 for the smallest motor of the group. Overload 
protection must be provided per 430-32 (Figure 5-29). 


240 V BRANCH CIRCUIT 


POWER 
SOURCE 


15 ACB 


RECEPTACLES 


CONTROLLERS 


1/3 HP 1/4 HP 1/6 HP 
Ed 


SINGLE/PHASE, 240 V MOTORS 


Table 430-148 
Table 430-152 


PROBLEM: Find the size circuit breaker required for 
these motors. 


STEP 1: Table 430-148 


The motor ratings are: 
Horsepower Amps 
1⁄3 3.6 
1/4 2.9 
1% 22 


STEP 2: Table 430-152 


The maximum allowed is 250%. 
2.2 amps x 250% = 5.5 amps. 


ANSWER: 430-53 (b) allows a 15-amp circuit breaker. 


Figure 5-29. Sizing an overcurrent protection device to protect 
the smallest motor in the branch circuit while allowing the largest 
motor to start. 


Other Group Installation — 430-53(c) 


Two or more motors of any size may be connected to a 
single branch circuit. Fuse or circuit breaker protection 
is set by the percentages of Table 430-152 for the 
largest motor of the group. Each motor controller and 
component must be approved for group installation. 
Such circuit components are as follows (Figure 5-30): 

1. Overcurrent protection devices. 

2. Controllers. 

3. Running overload protection devices. 


These components may be factory-installed as an 
approved assembly or field-installed as separate 
assemblies. Field-installed components must be 
factory-listed for such use. 


NOTE: If a fuse or circuit breaker is installed at the 
point where each motor is tapped to the line, the 
branch circuit becomes a feeder, and any number of 
motor taps may be made (Figure 5-31). 


FEEDER CIRCUIT N 


POWER 
SOURCE 


INVERSE 
TIME CB 


DISCONNECTING MEANS 


APPROVED 

FOR GROUP 

INSTALLATION 
CONTROLLER AND 
RUNNING OVERLOAD 
PROTECTION 


3/PHASE MOTORS 


430-53(c) 


Figure 5-30. Designing the motor circuit of two or more motors for 
group installations. 


FEEDER CIRCUIT =N 


GUTTER 


POWER 
SOURCE 


INVERSE 
TIME CB 
PROTECTION AT 
POINT OF TAP 


DISCONNECTING MEANS 


a CONTROLLERS 


3/PHASE MOTORS 


430-53(c) 


Figure 5-31. Any number of motors may be tapped if protection is 
installed at the point of the tap. 


SIZING THE RUNNING OVERLOAD 
PROTECTION FOR THE MOTOR — 
430-32 


Running overload protection for motors of more 
than 1 horsepower may be provided by separate 
current-interrrupting devices such as thermal pro- 
tectors, thermal relays, or fusetrons. If the motor 
inlets and outlets are covered by a blanket, or if a 
bearing should begin to lock, excessive heating of the 
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motor windings will cause operating overcurrent that 
could damage the motor. The devices are set to open 
at 115% or 125% of the motor’s full-load current 
rating, depending upon the service factor or temper- 
ature rise of the motor. If the motor is not marked, 
115% is used. 


Minimum Sizing of the Overload 
Protection — 430-32 


The protection device must open the circuit on over- 
loads up to and including locked-rotor or stalled- 
rotor current. The setting of the running overload 
protection device is derived from the full-load current 
of the actual motor current — see 430-6(a) — and not 
from the amperage rating in Tables 430-147 through 
430-150. 

For motors marked with a service factor of not less 
than 1.15 (115%), 125% of the full-load current rating 
of the motor is used. For motors marked with a 
temperature rise of not over 40° C, 125% of the full- 
load current of the motor is used. For all other 
motors, 115% of the full-load current rating of the 
motor is used. A service factor of 1.15 (115%) indi- 
cates that the motor will operate at 115% of the full- 
load current rating without damage to the motor’s 
insulation (Figure 5-32). 


POWER SOURCE 
DISCONNECTING MEANS 


CONTROLLER 
OVERLOADS 


3/PHASE, 230 V, 
20 HP MOTOR 
54 A RUNNING CURRENT 


430-32 


PROBLEM: Find the minimum size overloads re- 
quired to protect this motor with a service factor of 
1S: 


STEP 1: 430-32. 


The maximum allowed is 125%. 
54 amps x 125% = 67.5 amps. 


STEP 2: 430-32. 
ANSWER: Overloads may be sized at 67.5 amps. 


NOTE: A 1.15 service factor will permit the motor to 
deliver 115% (23 horsepower) of the 20-horsepower 
rating without damage. 


Figure 5-32. Designing the minimum size running overload pro- 
tection for a motor. 
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Maximum Sizing of the Overload 
Protection — 430-34 


If the percentage that 430-32 allows is not sufficient, 
430-34 permits higher percentages for a service factor 
of not less than 1.15 (115%), or fora temperature rise 
of not more than 40° C, if 140% of the full-load current 
rating of the motor is not exceeded. For all other 
motors, 130% is allowed (Figure 5-33). 


POWER SOURCE 
DISCONNECTING MEANS 


CONTROLLER 
OVERLOADS 


3/PHASE, 230 V, 
10 HP MOTOR 
54 A RUNNING CURRENT 


PROBLEM: Find the maximum size overloads to 
protect this motor with a 40°C temperature rise. 


STEP 1: 430-34. 


The maximum allowed is 140%. 
54 amps x 140% = 75.6 amps. 


ANSWER: Overloads may be sized at 75.6 amps. 


PROBLEM: Find the maximum size overloads to 
protect this motor with a 50°C temperature rise. 


STEP 1: 430-34. 


The maximum allowed is 130%. 
54 amps x 130% = 70.2 amps. 


ANSWER: Overloads may be sized at 70.2 amps. 


Figure 5-33. Designing the maximum size running overload pro- 
tection for a motor. 


Altitude affects the temperature rise of a motor. In 
higher altitudes, thinner air allows less heat to be 
carried from the windings of the motor through the 
inlets and the outlets. Air thick enough to carry heat 
effectively can be obtained at elevations of 3,300’ or 
less. A motor’s horsepower rating must be derated at 
elevations above 3,300’. A 10-horsepower motor 
delivers only 8.5 horsepower at an altitude above 
3,300’. 


SIZING THE CONTROLLER TO 
START AND STOP THE MOTOR — 
430-81 and 430-83 


Basic requirements for sizes and types of motor 
controllers are given in these sections. All controllers 
must have at least the horsepower rating of the motor 
to be controlled. 

The branch-circuit protection device may serve as 
the controller for motors of 4 horsepower or less. 
These motors have high-impedence windings and 
deliver very little fault-current (Figure 5-34). 

A plug and receptacle may serve as the controller 
for portable motors of up to '4 horsepower (Figure 
5-35). 


POWER SOURCE 


CB USED AS CONTROLLER 


MOTOR WITH HIGH-IMPEDENCE 
WINDINGS 


SINGLE/PHASE, 120 V, 
1/8 HP OR LESS MOTOR 


430-8 1(b) 


Figure 5-34. The branch-circuit overcurrent protection device 
may serve as a controller for motors of Ys horsepower or less. 


POWER SOURCE 


RECEPTACLE 


PLUG CAP 


X — 1/3 HP OR LESS 


MOTOR 
430-81(c) 


Figure 5-35. A plug and receptacle may serve as a controller for 
portable motors of up to 44 horsepower. 


Controllers Other than Horsepower- 
rated — 430-83 


There are exceptions to the basic rule that permit 
other than horsepower-rated controllers to be used. 


Exception No. 1. A general-use switch rated for at 
least twice the motor’s full-load current may serve as 
the controller if the motor’s rating is 2 horsepower or 
less (Figure 5-36). Also, a general-use snap switch 
may serve as the controller if it is AC-rated (Figure 
5-37). Only 80% of the switch’s amperage rating may 
be used. For AC-DC, T-rated snap switches, only 
50% of the amperage rating may be used. However, 
this type of switch cannot be used on a controller. 


POWER SOURCE 


DISCONNECTING MEANS 


GENERAL-USE 
SNAP SWITCH 


A= 2 HP OR LESS MOTOR 


430-83, Ex. 1 


Figure 5-36. A general-use switch rated at least twice the full-load 
current of the motor may serve as a controller. 


POWER SOURCE 


AC-RATED SNAP SWITCH oe ‘he 


TOGGLE HANDLE 
15 AOR 20A 


430-83, Ex. 1 


Figure 5-37. A general-use snap switch that is AC-rated may 
serve as a controller. 


Exception No. 2. A circuit breaker rated in amps 
only may serve as the controller (Figure 5-38). 


Exception No. 3. The controller for a torque motor 
must have a continuous-duty, full-load current rating 
not less than the nameplate current rating of the 
motor (Figure 5-39). 
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POWER SOURCE 


CIRCUIT BREAKER 
(RATED iN AMPS ONLY) 


MOTOR 


430-81(b) 


Figure 5-38. A circuit breaker rated in amps only may serve as a 
controller. 


POWER SOURCE 


DISCONNECTING MEANS 


CONTROLLER 


— TORQUE MOTOR 


430-81(c) 


Figure 5-39. The controller for a torque motor must have a 
continuous-duty, full-load current rating not less than the name- 
plate current rating of the motor. 


SIZING THE DISCONNECTING 
MEANS TO DISCONNECT BOTH 
THE CONTROLLER AND MOTOR 
FROM THE UNGROUNDED SUPPLY 
CONDUCTORS — 430-109 

The disconnecting means must be horsepower-rated 


and, the rating must be at least 115% of the motor 
current to be disconnected. See 430-110(a). 


Disconnects Other than Horsepower- 
rated — 430-109 

Exceptions to the basic rule exist that permit other 
than horsepower-rated disconnecting means to be 
used. 
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Exception No. 1. The branch-circuit overcurrent 
protection device may serve as the disconnecting 
means for stationary motors of '4 horsepower or less 
(Figure 5-40). 


POWER SOURCE 


ie CB OR FUSE 


SINGLE/PHASE, 120 V, 
1/8 HP OR LESS MOTOR 


430-109, Ex. 1 


Figure 5-40. The branch-circuit overcurrent protection device 
may serve as the disconnecting means for stationary motors of 1⁄8 
horsepower or less. 


Exception No. 2. A general-use switch rated at not 
less than twice the motor’s full-load current may serve 
as the disconnecting means for motors of 2 horse- 
power or less (Figure 5-41). A general-use, AC-rated 
snap switch may serve as the disconnecting means for 
motors of 2 horsepower or less if the full-load current 
of the motor does not exceed 80% of the amperage 
of the switch (Figure 5-42). 


POWER SOURCE 


DISCONNECTING 
MEANS 


DE 2 HP OR LESS MOTOR 


430-109, Ex. 2 


Figure 5-41. A general-use switch rated at least twice the motor’s 
full-load current may serve as the disconnecting means for motors 
of 2 horsepower or less. 


POWER SOURCE 


AC-RATED SNAP SWITCH ———~~ 


XL 2HP or LESS 
MOTOR 


TOGGLE HANDLE 
15 AOR 20A 


430-109, Ex. 2 


Figure 5-42, A general-use snap switch may serve as the dis- 
connecting means for motors of 2 horsepower or less if the full-load 
current of the motor does not exceed 80% of the amperage of the 
switch. 


Exception No. 3. For stationary motors from 2 
horsepower to 100 horsepower, the disconnecting 
means may be a motor-circuit horsepower-rated switch 
(Figure 5-43). 


POWER SOURCE 


HP-RATED SWITCH 
CONTROLLER 


MOTOR RATING 
2 HP to 100 HP 


430-109, Ex. 3 


Figure 5-43. Horsepower-rated motor-circuit switches may be 
used as the disconnecting means for stationary motors of 2 horse- 
power to 100 horsepower. 


Exception No. 4. The disconnecting means above 
100 horsepower may be rated in amps (Figure 5-45). 


Exception No. 5. A plug and receptacle may serve as 
the disconnecting means for portable motors (Figure 
5-44). 


POWER SOURCE 


RECEPTACLE 
PLUG CAP 


CONTROLLER 


X — PORTABLE MOTOR 


430-109, Ex. 5 


Figure 5-44. A plug and receptacle may serve as the disconnecting 
means for portable motors. 


RATED IN 
AMPS ONLY 


430-109, Ex. 4 


Figure 5-45. Disconnecting means above 100 horsepower may be 
rated in amps. 


DESIGNING THE LOCATION OF 
THE DISCONNECTING MEANS 
FOR THE CONTROLLER AND 
MOTOR — 430-102 AND 430-107 


A motor and its driven machinery or load must be 
within sight of the controller for the motor. 


Disconnecting Means within Sight — 
430-102; 430-106; and 430-107 


The motor disconnecting means must be within sight 
of the motor controller. It must disconnect both motor 
and controller from all of the ungrounded conductors 
supplying the motor circuit. If the motor does not 
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have a disconnecting means within sight, other pro- 
visions must be made. If the disconnecting means is 
within sight of the motor and not more than 50’ from 
the motor, it is considered within sight (Figure 5-46). 
See 430-102 and 430-107. 


POWER SOURCE 


DISCONNECTING MEANS 
(WITHIN SIGHT OF CONTROLLER 
AND MOTOR) 


CONTROLLER 


NS MOTOR 


430-102; 430-106; 430-107 


Figure 5-46. Disconnecting means within sight of motor and 
controller. 


Disconnecting Means in the Locked 
Position — 430-102(b), Ex. 

If the disconnecting means adjacent to the controller 
can be locked in the open position, no additional 
disconnecting means by the motor is required (Figure 
5-47). See 430-102 and 430-107. 


POWER SOURCE 


DISCONNECTING MEANS 
(LOCKED IN OPEN POSITION) 


CONTROLLER 


LOCK 


MOTOR OUT OF SIGHT OF 
DISCONNECTING MEANS 
(NO ADDITIONAL DISCONNECT REQUIRED) 


430-102(b), Ex. 


Figure 5-47. Disconnecting means out of sight of motor locked in 
the open position. 
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Disconnecting Means Cannot Be 
Locked in the Open Position — 
430-102(b) 

If the disconnecting means adjacent to the controller 
cannot be locked in the open position, an additional 
disconnecting means must be mounted by the motor 
and within sight (Figure 5-48). See 430-102 and 430- 
107. 


POWER SOURCE 


DISCONNECTING MEANS 
(CANNOT BE LOCKED IN OPEN POSITION) 


CONTROLLER 
(WITHIN SIGHT OF DISCONNECTING MEANS) 


ADDITIONAL DISCONNECTING MEANS 


(REQUIRED FOR MOTOR OUT OF SIGHT OF 
INITIAL DISCONNECTING MEANS) 


430-102(b) 


Figure 5-48. Disconnecting means by controller cannot be locked 
in the open position. 


SIZING CONDUCTORS FOR 
CONTROL CIRCUITS — 430-72 and 
725-12 


When a motor control circuit derives its power from 
the power conductors supplying the motor and is 
tapped on the load side of fuses or circuit breakers, 
the protection for the control conductors may be 
either branch-circuit devices or supplementary 
protection. 

The method of protection is determined by the size 
of the control conductors and the rating of the motor 
power circuit device. If motor control circuits derive 
their power from other than the motor power circuit 
conductors, the control circuits are classified as 
remote-control circuits, and protection with fuses or 
circuit breakers must be provided for the conductors. 
See 725-12 or 725-35. 

NOTE: Section 430-74 requires that remote-derived 
control circuits have their disconnecting means 
mounted adjacent to the disconnecting means for the 
branch-circuit power conductors supplying the con- 
troller and motor. This rule identifies the two sources 
of power that make up the power and control circuits. 


Protection for Control Circuits — 

430-7 2(b) 

Motor control-circuit conductors tapped from a motor 
power circuit larger than # 14 are protected according 
to the conductor ampacity in Tables 310-16 through 
310-19. The overcurrent protection must not exceed 
10 amps for a #16 conductor and 7 amps for a #18 
conductor. Circuit loads may require fuses smaller 
than 15 amps; however, 15 amps is the smallest circuit 
breaker rating. Fuses are available in 1-amp, 3-amp, 
6-amp, and 10-amp sizes per the exception to 240-6. 


Exception No. 1. Motor control-circuit conductors 
that do not extend beyond the control equipment 
enclosure are considered to be protected by the motor 
power circuit fuses or circuit breaker, provided the 
devices do not exceed 400% of the ampacity rating of 
size #14 and larger conductors. Smaller size con- 
ductors such as #16 may be protected at 40 amps, 
and size #18 conductors at 25 amps. Notice that the 
ampacity ratings for the control conductors are taken 
from the free air ampacities of Table 310-17 for 60° C 
wire. This is allowed because the control conductors 
are installed in the open enclosure instead of an en- 
closed raceway. Therefore, they have more free space 
to dissipate heat (Figure 5-49). 


OVERCURRENT 

PROTECTION 

DEVICE 

RATED NOT MORE THAN 400% OF 
THE AMPACITY OF THE CONTROL- 
CIRCUIT CONDUCTORS. 


POWER SOURCE 


DISCONNECTING 


#14 THHN COPPER CONDUCTORS 
INSTALLED IN ENCLOSURE 


START-STOP BUTTONS 


CONTROLLER WITH START-STOP 
BUTTONS IN COVER 


boaan MOTOR 


430-72(b), Ex. 1 
Table 430-72(b), Column B 


PROBLEM: What size overcurrent protection device 
is required to protect the control conductors inside 
the enclosure of the controller? 


STEP 1: Table 310-17 


Size #14 THHN copper has a 25-amp rating. 
STEP 2: 430-72(b), Exception No. 1. 


25 amps x 400% = 100 amps. 


ANSWER: A 100-amp maximum fuse, circuit breaker, 
or fuse block is required. 


Figure 5-49. Sizing an overcurrent protection device for conductors 
inside the controller enclosure. 


Exception No. 2. This exception is concerned with 
control conductors of size #14 and larger that extend 
beyond the enclosure for the coil of the equipment 
being controlled. When the motor control-circuit 
conductors are tapped from the line terminals of a 
magnetic starter and run to remote areas for connection 
to control switches and devices, the overcurrent pro- 
tection device cannot be larger than 300% of the 
ampacity of the control conductors used (Figure 
5-50). 


OVERCURRENT 
PROTECTION 

DEVICE 

RATED NOT MORE THAN 300% OF 
THE AMPACITY OF THE CONTROL- 
CIRCUIT CONDUCTORS. 


POWER SOURCE 


DISCONNECTING 
MEANS 


START-STOP BUTTONS 


CONTROL-CIRCUIT CONDUCTORS 
#14 THHN 


430-72(b), Ex. 2 
Table 430-72(b), Column C 


PROBLEM: What size overcurrent protection device 
is required to protect the control-circuit conductors 
of a remote-control circuit? 


STEP 1: Table 310-16 


Size #14 THHN copper has a 20-amp rating. 
STEP 2: 430-72(b), Exception No. 2. 
15 amps x 300% = 45 amps 
STEP 3:240-6. 


ANSWER: A 45-amp maximum fuse, circuit breaker 
or fuse block is required. 


Figure 5-50. Sizing an overcurrent protection device for conductors 
of a remote-control circuit. 


Exception No. 3. The protection on the primary side 
of the transformer may also protect the secondary 
conductors of the coil circuit. The protection for the 
transformer itself must be provided in accordance 
with 450-3. Section 240-3(i) allows only a two-wire 
secondary to use this type of protection. Generally, 
this rule applies where the transformer is installed 
within the starter enclosure. However, any installa- 
tion of a transformer conforming to this rule meets 
the NEC requirement and may be utilized. 
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The protection must be in accordance with 450-3 
and must not exceed the value determined by multi- 
plying the secondary conductor ampacity by the 
secondary-to-primary voltage ratio. When the primary 
current is 9 amps or more, and 125% of the current 
does not correspond to a standard size breaker, the 
next size is permitted. When the primary current is 
less than 9 amps, but is 2 amps or more, the over- 
current device must not be more than 167% of the 
rated primary current. When the primary current is 
less than 2 amps, the overcurrent device is permitted 
to be 300% or 500% per 430-72(c), Ex. 2 of the rated 
primary current of the transformer (Figure 5-51). 


OVERCURRENT POWER SOURCE 


PROTECTION 
DEVICE 


DISCONNECTING 
MEANS 


FUSE 


240-3(i) AND SIZED ON THE BASIS 
OF THE TURNS-RATIO OF THE TRANSFORMER. 
LOWER VOLTAGE TRANSFORMER 


START-STOP BUTTONS 
CONTROL-CIRCUIT CONDUCTORS 


I MOTOR 


430-72(c); 450-3(bX1), Ex. 1 


PROBLEM: What size overcurrent protection device 
is required on the primary side of a 2,000-volt-amp 
(VA), two-wire, 480-volt transformer? 


STEP 1: 430-72(c) 


|= VA 2,000 
Vv 480 


STEP 2: 450-3(b)(1), Exception No. 1. 
4 amps x 167% = 6.68 amps 

STEP 3: 240-6, Ex. 

ANSWER: A 6-amp fuse is required. 


= 4 amps 


Figure 5-51. Sizing an overcurrent protection device for the 
primary side of a transformer. 


Control-circuit Transformer. Protection for 
control-circuit transformers must be in accordance 
with Article 450. Section 430-72(c), with exceptions, 
permits a fuse or circuit breaker in the secondary 


130 DESIGNING ELECTRICAL SYSTEMS 


circuit of the transformer rated at no more than 
the percentages listed in 450-3(bX2) times the 
secondary current of the transformer. Protection 
must be placed in each ungrounded hot leg (Figure 
5-52). 


OVERCURRENT POWER SOURCE 


PROTECTION 
DEVICE 


DISCONNECTING 
MEANS 


E A FUSE 


START-STOP BUTTONS 


CONTROL-CIRCUIT CONDUCTORS 


430-72(c), Ex. 3 
240-6, Ex. 


PROBLEM: What size overcurrent protection device 
is required on the secondary side of a 100-volt-amp 
(VA), two-wire, 480/24-volt transformer? 


STEP 1: 430-72(c), Exception No. 3. 


VA 
V 


—— = 4.17 amps 
24 


t= 
100 


STEP 2: 430-72(c), Exception No. 3. 
4.17 amps x 167% = 6.96 amps 
STEP 3: 240-6, Exception. 
ANSWER: A 6-amp fuse is required. 


Figure 5-52. Sizing an overcurrent protection device for the 
secondary side of a transformer. 


Disconnection of Motor Control and 
Motor Power Circuit Conductors — 
430-74 


Motor control circuits must be disconnected from all 
sources of supply when the disconnecting means is in 
the open position. If the motor control circuit is 
tapped from the line terminals of the magnetic starter, 
the disconnecting means for the starter may serve as 
the disconnecting means for both the motor power 
conductors and the control-circuit conductors. If the 


motor control circuit is fed from another source and 
not tapped from the starter conductors, either an 
auxiliary contact must be installed in the disconnecting 
means for the controller, or an additional discon- 
necting means must be mounted adjacent to that for 


the controller (Figure 5-53). 
\ CONTROL 
POWER SOURCE 


MOTOR 
POWER SOURCE 


CB 


TRANSFORMER 


en 7 


BUTTONS 


DISCONNECTING 
MEANS 


CONTROLLER 


Figure 5-53. Motor control circuits must be disconnected from all 
supply sources when the disconnecting means is in the open 
position. 


Sizing Conductors to a Capacitor — 
460-8 


The ampacity of conductors feeding a capacitor must 
be at least 135% of the rated current of the capacitor. 
If the capacitor supplies a motor, the leads for the 
capacitor must be at least one-third the size of the 
power leads to the motor (Figure 5-54). 


Designing Control Circuits in Raceways 
— 300-3(c)(1) and 725-15 

Section 300-3(c)(1) allows conductors of different 
systems to occupy the same raceway without regard 
to AC or DC current. All conductors in the raceway 
must be insulated for the maximum voltage of any one 
conductor, which must not exceed 600 volts. Section 
725-15 allows the motor control conductors of a Class 
I circuit to occupy the raceway along with the power 
conductors supplying the magnetic starter and motor 
(Figure 5-55). However, they must supply motors 
that are functionally associated. In other words, the 
motors must work together to perform a job (Figure 
5-56). 


240 V 


# 2/0 TW COPPER 
CONDUCTORS 


POWER SOURCE 


DISCONNECTING 
CONTROLLER MEANS 


10 kVA CAPACITOR 


3-PHASE 
230 p: 
40 HP 
FINDING MICROFARADS 


FLC 104 AA STEP 1: 
_ 159,300 A 


Hz VxV 3 


Table 310-16; 460-8 


_ 159,300 x 104 A 
60 x 240 x 1.732 
663.75 

ANSWER: 663.75 


PROBLEM: What size TW copper conductors are 
required to supply the capacitor? 


volt-amps 


STEP 1: amps = 2————__ 
p voltsx v 3 


j= KVAx 1,000 10,000 


= 24amps 
240x 1.732 240x 1.732 


STEP 2: 460-8. 
24 amps x 135% = 32 amps 


STEP 3: Table 310-16, Column 1. 


ANSWER: Size #8 TW copper conductors are re- 
quired for the capacitor. 


STEP 4: Table 310-16, Column 1. 


ANSWER: Size #2/0 TW copper conductors are 
required for the motor circuit (145 amps). 


STEP 5: 460-8. 
1% of 145 amps = 48 amps. 
STEP 6: Table 310-16, Column 1. 


ANSWER: Size #6 TW copper conductors are re- 
quired for the capacitor. 


NOTE: The larger of the two conductors found is 
required. 


Figure 5-54. Sizing conductors for a capacitor. 
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POWER SOURCE 


DISCONNECTING 
MEANS 

MOTOR CONDUCTORS 

AND CLASS | CIRCUITS 


START-STOP 
BUTTONS 


CONTROLLER 


w MOTOR 


300-3(cX1); 725-15 


Figure 5-55. Class I control circuits of 600 volts or less may 
occupy a raceway with power conductors. 


MOTOR CONDUCTORS 
AND CLASS I CIRCUITS 


GUTTER 


X MOTOR 


CENTER 


START-STOP 
BUTTONS 


CONTROLLERS 
MOTORS 


725-15 


Figure 5-56. Class I control conductors and motor conductors, 
each of 600 volts or less, may occupy the same raceway to supply 
functionally associated motors. 


Conductors Occupying the Same 
Enclosure — 300-3(c)(1) and 300-32, 
Exception No. 1 


Motor excitation, control relay, magnetic starter, or 
ammeter conductors rated at 600 volts or less may 
occupy the same enclosure. Also, conductors rated 
over 600 volts may occupy the same enclosure. 
However, a combination of conductors of 600 volts or 
less with conductors of over 600 volts must not occupy 
the same raceway. The motor enclosure and the 
starter enclosure may have excitation, control, relay, 
or ammeter conductors of 600 volts or less together 
with power conductors of over 600 volts (Figure 5-57). 


CONTROL 
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CONTROLLER 
ENCLOSURE 


600 V OR MORE MOTOR 


300-3(cX2), Ex. 3 
300-32, Ex. 1 


Figure 5-57. Power circuits of 600 volts or more may occupy 
enclosures with control or monitoring circuits of 600 volts or less. 


Designing Control Circuit for Magnetic 
Starter Contactor and Enclosures — 
725-17 


When the number of Class I remote-control, signal, 
and power-limited circuit conductors in a conduit 
exceeds three, and when they carry current contin- 
uously as permitted by 725-15, the derating factors of 
Note 8(a) of Notes to Ampacity Tables of 0 to 2000 
Volts apply. The derating factors of Note 8(a) do not 
apply to conductors if the load is noncontinuous. If 
the number of conductors exceeds three, the load is 
considered continuous when the conductors carry 
current for three hours or more. If power and control 
conductors are in the same conduit, Note 8(a) applies 
to all the current-carrying conductors that are of the 
continuous-duty type (Figure 5-58). 

Class I circuits may occupy the same enclosure as 
power conductors if they supply the same equipment 
and if that equipment is functionally associated. 


SIX CONDUCTORS 


IN RACEWAY POWER SOURCE 


CONTROLLER PART ere 


BUTTONS 


Ss MOTOR 
725-17 


Figure 5-58. Note 8(a) of Notes to Ampacity Tables of 0 to 
2000 Volts must be applied when continuous-duty conductors 
occupy the same raceway if they carry continous loads in ex- 
cess of 10% of the ampacity of each conductor. 


Class | Circuits — 725-11(a,b) 


Class I circuits are of two types: power-limited and 
power-unlimited. In the power-limited type, the 
voltage is limited to 30 volts or less at 1,000 volt- 
amps (Figure 5-59). This Class I circuit is used if the 


remote-control circuits to safety-control equipment 
could fail to operate and create a hazard, even if the 
remote-control circuit would normally be classified 
as a Class H or III circuit (Figure 5-60). 

The second type of Class I circuit has an unlimited 
power source and may be used up to 600 volts. This 
power source could be 120, 208, 240, or 480 volts. It 
could be used for control from the START and STOP 
stations, or switching devices, to the magnetic starter’s 
control coil (Figure 5-59). 


POWER SOURCE | 


CLASS | CIRCUIT WITH POWER LIMITATION 
CONTROL OUTPUT OF 1,000 VA OR LESS 


30 V OR LESS 
TRANSFORMER 


POWER SOURCE UP TO 600 V 


CLASS | CIRCUIT WITH NO POWER LIMITATION 
CONTROL OUTPUT OF 120, 208, 240, OR 480 VOLTS 


725-11(a, b) 


Figure 5-59. Classification of Class I circuits. 


THERMOSTAT 
24 V, CLASS II CIRCUIT 


POWER SOURCE 


BUSSMAN 
(TOGGLE SWITCH 
AND FUSE) 


SAFETY CONTROL DEVICE 
MASTER CONTROL ENCLOSURE 


725-11(a, b) 


Figure 5-60. If the safety-control device could fail to operate. 
creating a hazard, the circuit would be a Class I circuit instead of a 
Class II circuit. 


Class II Circuits — Table 725-31 (a) 


Class II circuits are considered to be safe as concerns 
both fire and electrical shock. In most cases, their 
currents of 5 MA (milli-amps) or less would not cause 
damage should a ground-fault occur, because of the 
high-impedance winding of the transformer supplying 
their power. Class II circuits are limited to 30 volts or 
less and a maximum of 100 volt-amps. 

See Table 725-31(a) for power limitations of trans- 
formers for a Class II circuit. Note that Class II circuits 
not inherently current-limited must have overcurrent 
protection. Class II circuits are not rigidly covered by 


the NEC, and the wiring from the transformer to the 
controls may be of bell wire. 

Class II circuits must not be installed in raceways 
with Class I circuits and power circuits because of the 
possibility of an inadvertent interconnection of the 
systems. Electricians and maintenance personnel 
could accidentally change a joint on conductors in an 
enclosure or junction box and put a high voltage on 
the low-voltage system, destroying components and 
parts. Class II and Class II circuits may occupy the 
same raceway system, provided the Class II circuit 
conductors are insulated to the extent required for 
Class III circuits (Figure 5-61). See 725-52(a)(2). 


3 30 V 
lem OR LESS 


TRANSFORMER OUTPUT 100 VA OR LESS 
Figure 5-61. Class II power-limited circuits control low-voltage 
systems. 


725-31 


Class Ill Circuits — 725-31 


Class III circuits are considered to be hazardous as 

concerns both fire and shock. They require additional 
safeguards because of the AC circuits from 30 volts to 
150 volts. Class III circuits at 150 volts will limit the 
current to about 1 amp. See Table 725-31(a) for 
power limitations of transformers for Class III circuits 
(Figure 5-62). 


E 3K V 
240 V E 3K 
150 V 


Ne coe OUTPUT 100 VA OR LESS 


725-31 


Figure 5-62. Class II] power-limited circuits control 30-volt to 
150-volt systems. 


DESIGNING MOTOR CURRENTS 
NOT LISTED IN TABLES 430-147 
through 430-150 


For a motor that has a horsepower rating not listed in 
Tables 430-147 through 430-150, the full-load 
current rating may be found as follows: Determine 
the horsepower rating of a listed motor that would be 
rated immediately below the unlisted motor. Divide 
the listed motor’s full-load current rating by its horse- 
power rating. These values are then multiplied by the 
horsepower rating of the unlisted motor to obtain its 
full-load current rating (Figure 5-63). 
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3/PHASE 
460 V 
35 HP MOTOR 


PROBLEM: Find the full-load current rating of this 
motor. 


STEP 1: Table 430-150 


The full-load current rating of a listed 30- 
horsepower motor is 40 amps. 
STEP 2: Multiplier = tampon. 
horsepower 


Table 430-150 


40 
-= = 1.333 
30 


STEP 3: Multiplier x horsepower of unlisted motor. 
1.333 x 35 = 46.6 amps. 


ANSWER: 46.6 amps of full-load current rating for 
35-horsepower motor. 


Figure 5-63. Determining the full-load current rating of a motor 
not listed in the tables. 


DESIGNING MOTOR CURRENTS 
BY ALTERNATE METHOD 


An alternate method of finding the full-load cur- 
rent rating of a motor may be utilized. This rule- 
of-thumb method will not yield the exact values 
given in Table 430-148 and Table 430-150. 
However, FLC ratings determined by this alter- 
nate method are within an acceptable range for 
selecting overcurrent protection devices, conduc- 
tors, and other elements required to complete a safe 
electrical motor system. Always consult the 
authority having jurisdiction if questions arise. 

Multiply the horsepower rating of the motor by 
1.00 when using a 550, 575, or 600-volt, three- 
phase motor. See Figure 5-64. 

Multiply the horsepower rating of the motor by 
1.27 when using a 440, 460, or 480-volt, three- 
phase motor. See Figure 5-65. 

Multiply the horsepower rating of the motor by 
2.50 when using a 220, 230, or 240-volt, three- 
phase motor. See Figure 5-66. 

Multiply the horsepower rating of the motor by 
5.00 when using a 220, 230, or 240-volt, single- 
phase motor. See Figure 5-67. 

Multiply the horsepower rating of the motor by 
10.00 when using a 110, 115, or 120-volt, single- 
phase motor. See Figure 5-68. 
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3/PHASE 
575 V 
45 HP MOTOR 


PROBLEM: Find the full-load current rating of this 
motor. 


STEP tt 451HP x 100S 45A 


ANSWER: FLC = 45A 


Figure 5-64. Determining the full-load current rating of a 550, 
575, or 600 V motor using the rule-of-thumb rating. 


3/PHASE 
480 V 
30 HP MOTOR 


PROBLEM: Find the full-load current rating of this 
motor. 


Sule? Ue CO lll X Wz = eteeal /A 
ANSWER: FLC = 38A 


Figure 5-65. Determining the full-load current rating of a 440, 
460, or 480-volt, three-phase motor using the rule-of-thumb 
method. 


3/PHASE 
240 V 
j 50 HP MOTOR 


PROBLEM: Find the full-load current rating of this 
motor. 


SIER le 210) [nll xX 250 = 125A 


ANSWER: FLC = 125A 


Figure 5-66. Determining the full-load current rating of a 220, 
230, or 240-volt, three-phase motor using the rule-of-thumb 
method. 


SINGLE/PHASE 
240 V 
5 HP MOTOR 


PROBLEM: Find the full-load current rating of this 
motor. 


SIE? WES lal d< Guo) = ABA 


ANSWER: FLC = 25A 


Figure 5-67. Determining the full-load current rating of a 220, 
aos 240-volt, single-phase motor using the rule-of-thumb 
method. 


SINGLE/PHASE 
120 V 
4 HP MOTOR 


PROBLEM: Find the full-load current rating of this 
motor. 


STEP 1:4HP x 10.00 = 40A 


ANSWER: FLC = 40A 


Figure 5-68. Determining the full-load current rating of a 110, 
115, or 120-volt, single-phase motor using the rule-of-thumb 
method. 


NUMBER OF MOTORS SERVED 
BY EACH DISCONNECT AND 
CONTROLLER—430-87; 430-112 


Each controller must have an adjacent disconnecting 
means. This prevents unauthorized energizing of a 
power system during maintenance operations, The ex- 
ceptions permit any number of motors of 600 volts or 
less to be served by a single disconnect and controller. 
In this case, the disconnect and controller could serve 
motors used to drive different parts of the same ma- 
chine (Figure 5-69). 


600 V (OR LESS) 
POWER SOURCE 


DISCONNECTING 


CONTROLLER MEANS 


MOTORS SERVING 
ONE MACHINE 


430-87; 430-112 


Figure 5-69. A disconnect and controller may serve several 
motors used to drive various parts of the same machine. 


A group of motors protected by one overcurrent 
protection device is permitted by 430-53(a). These 
motors must be rated as fractional-horsepower and 
may be installed only on a general-purpose circuit 
of 20 amps or less. 

Motors served by the same disconnect and controller 
and located in one room must be within sight of the 
disconnect and controller. This also prevents unau- 
thorized energizing of the power system. 


CHAPTER 5: MOTORS AND MOTOR CONTROLS 


Name 


True or False 


Date 


Circle T (true) or F (false) for each statement. Enter the NEC section number that supports your answer in the 


space provided. 
Section 


Y%0 Aala TØ 


430-72 Œ) @r 


439-72E) Gr 
COB Q F 
YFO- 3Y O F 
4320-6 


T® 


420-6) AF 


¥30-7 Cl @r 
T OA TF 
do- lob OF 
Y 30-22 TÊ 


Y fO- 22 Tere 
Y 30-£2//) me 


Y 307 224 v F 


1. 


15. 


16: 


A motor having a controller with adjacent, lockable disconnecting means 
installed over 50’ away and out of sight must have an additional disconnecting 
means adjacent to the motor. 


Conductors supplying a phase converter shall not be less than 125% of the 
nameplate’s 1-phase input FLA. (Not a specific fixed load.) 


Class I! and III circuits may occupy the same raceway system provided the 
Class Il circuit conductors are insulated to the extent required for Class III 
circuits. 


Control conductors that are run to remote start-and-stop stations may be 
protected by a device set at 300% of the conductor’s ampacity rating. 


Control conductors inside the starter enclosure that run to the start-and-stop 
station on the enclosure cover are protected at 400% of the control conductor’s 
ampacity. 


Class | control circuits may be installed in the same raceway with power 
conductors as long as they are associated with the same motor. 


When the minimum percentages do not permit the motor to start and run up to 
speed, a higher percentage may be used to size the overloads and allow the 
motor to start. 


Section 430-6 refers to Tables 430-147 through 430-149 for obtaining the 
ampacity for sizing the overcurrent protection device and conductors to a 
motor. 


Separate running overload protection is not based and sized on the motor 
nameplate current rating. 


The code letter on polyphase wound-rotor motors must not be omitted. 


The locked-rotor current of a motor is always the same for starting, regardless 
of the code letter rating. 


All motors must be located within sight of a disconnecting means. 


Branch-circuit conductors feeding an individual motor must have at least 115% 
of the motor’s full-load current rating. 


For multispeed motors, the branch-circuit conductors on the line side of the 
controller must be sized at no less than 125% of the winding having the greater 
FLC rating. 


For multispeed motors, the branch-circuit conductors between the controller and 
the motor must be selected according to the particular speed that is energized 
(individual OCPD for each speed). 


Motors with a duty cycle are service classified according to the exception to 
Table 430-22(a). 
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Design Problems 


Enter the answer(s) to each question and the NEC section number(s) that supports your answer(s) in the space 


provided. 
Section Answer 
YO -732 @ zo. Ss A a 


go- /59 /75 A ee 


430-2?) 7? 9 


¥30-L4) 90,6 A 7. 


t¥20-7 @) VC a A 8. 


3/0 ~/b #8 9. 
S/a-fb a p 10. 
310 -/, ttf 2 11. 


430-10 [t 1 12. 


Eunoa GOA 143 


X 


A three-phase, 230-volt, 30-horsepower motor has a full- 
load current of 80 amps and a nameplate current rating of 70 
amps from Table 430-150. Find the amperage of the overload 
protection for this motor. 


Find the size branch-circuit conductors required to supply a 
three-phase, 230-volt, 25-horsepower motor having no code 
letter, with 40° C temperature rise and full-voltage starting 
(using THW copper). 


Find the size conductors required to supply a feeder supplying 
a 40-horsepower and 50-horsepower three-phase, 460-volt 
motor having code letter F anda 1.15 service factor with full- 
voltage starting (using THW copper). 


Find the size overcurrent protection device required for a 
three-phase, 230-volt, 25-horsepower motor having no code 
letter, with 40° C temperature rise and full-voltage starting 
(using a time-delay fuse). 


Find the size overcurrent protection device required for a 
three-phase, 230-volt, 25-horsepower motor having no code 
letter, with 40° C temperature rise and full-voltage starting 
(using a circuit breaker). 


A wound-rotor has a secondary full-load current of 35 amps. 
What size THW copper conductors are required to supply 
the resistors from the resistor bank to the controller (using 
continuous duty)? 


What size overloads would be required to protect a three- 
phase, 230-volt, 30-horsepower motor with a nameplate 
current rating of 70 amps? 


What is the locked-rotor current of a three-phase, 460-volt, 
25-horsepower motor having code letter G? 


Athree-phase, 460-volt, 75-horsepower motor drives a pump 
and operates on 30-minute cycles. What size THW copper 
conductors are required to supply the motor? 


A multispeed motor has three speeds with full-load current 
ratings of 40, 30, and 20 amps. Find the size THW copper 
conductors required to supply the motor circuit from the 
panel to the motor controller. 


What size THW copper conductors are required to supply a 
6-kVA capacitor connected to the circuit of a three-phase, 
230-volt, 15-horsepower motor? 


What size disconnect is required for the conductors supply- 
ing a three-phase, 230-volt, 15- PEERU motor (using a time- 
delay fuse)? 


What size disconnect is required for the conductors supplying 
a three-phase, 230-volt, 15-horsepower motor (using a non- 
fused disconnect)? 


AIR CONDITIONING 
AND 


CHAPTER 


REFRIGERATION 


Article 440 is concerned with designing the proper size disconnecting 
means, controllers, and conductors for individual or group instal- 
lations having hermetically sealed motor-compressors. 

Hermetic systems are perfectly enclosed, or airtight, systems. Gas 
cannot enter or leave these systems. Hermetic motors consist of a 
stator and rotor with an end shaft and end shields or bearings for 
installation in sealed refrigeration condensing units. 

If a motor uses a belt to drive sealed equipment, the rules of Article 
430 apply to the motor. These rules apply to all hermetic-type equip- 
ment, such as room air conditioners, drinking fountains (water coolers), 
freezers, and refrigerators. The refrigeration is used to cool the motor 
in hermetic-type compressors. The rules of Article 440 are in addition 
to those of Article 430 for motors, Article 422 for appliances, and 


Article 424 for electric heating. 


NAMEPLATES — 440-1 


Nameplates list information that is needed to size the 
conductors, overcurrent protection devices, running 
overload protection devices, disconnecting means, 
and controllers or air conditioning or refrigeration 
systems. The nameplate should never be removed 
from the equipment. Installers and service personnel 
must have the information on the nameplate. It is the 
most important item on the unit in regard to installing 
or servicing the equipment. 


Markings on Hermetic Refrigerant 
Motor-Compressors and Equipment — 
440-4 

To determine the ratings of branch-circuit conductors, 
short circuits, ground-fault protection, disconnecting 
means, and other elements of the system, use the 
information on the nameplate of the hermetic refrig- 
erant motor-compressors and equipment. 
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Markings on Controllers — 440-5 


Motor-compressors and equipment nameplates must 
list the manufacturer’s name, trademark or symbol, 
identifying designation, phase, voltage, frequency, 
and full-load current or locked-rotor current rating. 
Equipment may also list the branch-circuit selection 
current. 

The controllers must list the identifying designation, 
manufacturer’s name, trademark or symbol, phase, 
voltage, horsepower, and full-load current or locked- 
rotor current rating. 


Ampacity and Rating — 440-6 

To determine the branch-circuit conductor rating, 
controller rating, short-circuit protection rating, dis- 
connecting means rating, or the motor overload pro- 
tection rating, use the full-load current rating listed 
on the nameplate of the motor-compressor. If the 
branch-circuit selection current is shown on the 
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equipment, it must be used instead of the full-load 
current if it is greater. Always use the full-load current 
rating to determine the motor’s overload protection. 
If the equipment nameplate does not list a full-load 
current rating, the full-load current rating on the 
compressor nameplate must be used. 


Highest Rated (Largest) Motor — 
440-7 

If two or more motors are supplied by one circuit, 
430-24 requires an ampacity equal to 125% of the 
largest motor plus the sum of the full-load current 
ratings of all the motors in the group (Figure 6-1). 


POWER SOURCE 


GUTTER 


OVERCURRENT 
PROTECTION DEVICE 


XC DISCONNECTING 
MEANS 


CONTROLLERS 


3PH, 230 V 
10 HP MOTOR 


3PH, 230 V 
15 HP MOTOR 


3PH, 230 V, 
20 HP MOTOR 


Table 310-16; 430-24 
Table 430-150; 440-7 


PROBLEM: What size conductors are required to 
supply the motors using THW copper conductors? 
STEP 1:Table 430-150 

Full-load current ratings are: 


Horsepower Amps 


10 28 
15 42 
20 54 


STEP 2: 430-24 
54 amps x 125% = 67.5 amps 


67.5 amps + 42 amps + 28 amps = 137.5 
amps 


STEP 3: Table 310-16 


Size #1/0 THW = 150 amps. 
ANSWER: Size #1/0 THW conductors are required. 


Figure 6-1. Sizing conductors using the largest motor. 


The overcurrent protection device protecting this 
circuit is required by 430-62(a) to have its rating 
selected from the motor with the highest branch over- 
current protection device (based on Table 430-152) 
plus the sum of the full-load current ratings of the 
remaining motors of the group (Figure 6-2). 

The same procedure may be used for hermetic 
motors. The full-load current ratings for hermetic 
motors are listed on the nameplate of the compressor- 
motor. 


Single Machine — 440-8 


A disconnecting means must be provided for each 
motor controller. An air conditioning or refrigeration 


POWER SOURCE 


GUTTER 


ne 
PROTECTION DEVICE 


X- DISCONNECTING 
MEANS 


CONTROLLERS 


3PH, 230 V 3PH, 230 V 3PH, 230 V 
10 HP MOTOR 15 HP MOTOR 20 HP MOTOR 
CODE LETTER F CODE LETTERF CODE LETTER F 


430-62(a); Table 430-150 
Table 430-152; 440-1 


PROBLEM: What size overcurrent device using a 
time-delay fuse is required to protect the circuit for 
these motors? 
STEP 1: Table 430-150 
Full-load current ratings are: 
Horsepower Amps 


10 28 
15 42 
20 54 


STEP 2: Table 430-152 
54 amps x 175% = 94.5 amps 
STEP 3:430-62/(a). 


90-amp fuse + 28 amps + 42 amps= 
160 amps 


STEP 4: 240-6. 


ANSWER: A 150-amp time-delay fuse is required. 


Figure 6-2. Sizing the overcurrent protection device fora group of 
motors. 


POWER SOURCE — 


OVERCURRENT 
PROTECTION DEVICE 


DISCONNECT 


AIR CONDITIONER 


3PH, 230 V, 
28 A HERMETIC MOTOR 


LOCKED-ROTOR 225 A Table 430-150; Table 430-151 


440-12(a)(2) 
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PROBLEM: What size disconnecting means is re- 
quired for this hermetic motor? 


STEP 1:Table 430-150 


The horsepower rating equivalent to 28 
amps is 10 horsepower. 


STEP 2: Table 430-151 


The horsepower rating equivalent to 225 
amps is 15 horsepower. 


STEP 3: 440-12(a)(2). 
Use the higher horsepower rating. 


ANSWER: A 15-horsepower disconnecting means is 
required. 


Figure 6-3. Sizing the disconnecting means for a hermetic motor. 


system may be made up with any number of motors 
yetis considered a single machine; and the exception 
to 430-87 or the exception to 430-112 may be applied 
in determining the number of disconnecting means 
needed. 


DISCONNECTING MEANS — 
440-11 


Disconnecting means designed to disconnect air 
conditioning equipment from the supply conductors 
must be sized from the nameplate full-load current 
rating of the compressor or the nameplate branch- 
circuit current rating, whichever is greater. 


Rating and Interrupting Capacity — 
440-12 


A disconnecting means serving a hermetic refrigerant 
motor-compressor must be large enough to handle 


POWER SOURCE 


OVERCURRENT 
PROTECTION DEVICE 


DISCONNECT (CB) 


3PH, 230 V, 54 A HERMETIC MOTOR 
WITH 20 HP RATING 


240-6; Table 430-150; 440-12(b)(2) 


115% of the nameplate full-load current rating or the 
nameplate branch-circuit current rating, whichever is 
greater. The disconnecting means may be a horsepower- 
rated switch, a circuit breaker, or other switches 
according to the provisions of 430-109. 

If the nameplate rating or branch-circuit selection 
current of the motor-compressor or equipment is 
expressed in amperage and not horsepower, select 
the horsepower corresponding to the amperage rating 
from Tables 430-147 through 430-150. If the name- 
plate lists the locked-rotor current, select the 
horsepower corresponding to the current rating from 
Table 430-151. Use the largest horsepower rating of 
the two to size the disconnecting means (Figure 6-3). 

A circuit breaker sized at 115% or more of the 
nameplate full-load current rating may be used to 
disconnect a hermetic motor (Figure 6-4). NOTE: 
The branch-circuit selection current would be used if 
it were greater in rating. 


PROBLEM: What size circuit breaker is required for 
this hermetic motor? 


STEP 1: Table 430-150 
20 horsepower = 54 amps 


STEP 2: 440-1 2(b)(2). 
54 amps x 115% = 62.1 amps 
STEP 3:240-6. 
ANSWER: A 70-amp circuit breaker is required. 


Figure 6-4. Sizing the circuit breaker for a hermetic motor. 
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To determine the rating of a single disconnecting 
means to serve two or more hermetic motors or combi- 
nation loads, total the separate values of the hermetic 
motor loads, standard motor loads, and other loads. 
The disconnecting means must be sized at 115% of 
the total rating (Figure 6-5). 


Cord- and Plug-connected Equipment 
— 440-13 


When hermetic motors are cord- and plug-connected, 
the cord and plug may serve as the disconnecting 
means. Room air conditioners, household refrigerators 
and freezers, water coolers, and beverage dispensers 
are examples of cord- and plug-connected equipment 
with hermetic motors. A separable connector may 
also serve as the disconnecting means (Figure 6-6). 
NOTE: In some cases, a cord and plug is not permitted 
to serve as a disconnecting means for room air condi- 
tioners. See 440-63. 


Locating the Disconnecting Means — 
440-14 


This section of the code applies to hard-wired or 
fixed-wired equipment. Any hermetic motor that is 
not cord-and plug-connected is considered fixed- 
wired equipment. A disconnecting means must be 
within sight of all fixed-wired air conditioning equip- 
ment. A central air conditioning unit must have a 
disconnecting means within sight (50° or less.) The 
disconnecting means must be readily accessible to 
the user. If the central air conditioning unit is not in 


POWER SOURCE 


OVERCURRENT 
PROTECTION DEVICE 


GUTTER 


DISCONNECT 


3PH, 230 V, 21A 3PH, 230 V, 14A 
HERMETIC MOTOR HERMETIC MOTOR 
WITH 114A LOCKED- WITH 92 A LOCKED- 
ROTOR CURRENT ROTOR CURRENT 


— 3PH, 230 V, 6A 
HERMETIC MOTOR 
WITH 35 A LOCKED- 
ROTOR CURRENT 


440-12(b)(2) 


sight of the main panel, another circuit breaker or 
disconnecting switch must be provided at the equip- 
ment (Figure 6-7). See 422-25 for unit switches located 
in the A/C unit. 


SEPARABLE CONNECTOR 


RECEPTACLE 


‘| PLUG 
CORD 


= 3 
o 
E 
Q 
ye CONDITIONER 


440-13 


Figure 6-6. A cord and plug, or a separable connector, may serve 
as the disconnecting means for a room air conditioning unit. 


PANEL OUT OF SIGHT 


DISCONNECTING MEANS 


OVERCURRENT 

PROTECTION DEVICE 

yi POWER SOURCE 
Br eA he ee De 


AIR CONDITIONING UNIT 


440-14 
422-25 


Figure 6-7. If the service panel is not within sight of the air 
conditioning unit, an additional disconnecting means must be 
installed within sight. 


PROBLEM: What size disconnecting means is re- 
quired for these hermetic motors? 


STEP 1:440-12(b)(2) and Table 430-150 


Amps FLC Horsepower 


34 7/2 
14 5 
6 2 


141, Total 
Horsepower 
STEP 2:440-12(b)(2) and Table 430-151 


Amps LRC Horsepower 


MA 7'2 
92 T'/2 
35 2 
17 Total 
Horsepower 


STEP 3:Use the higher horsepower rating. 


ANSWER:A 17-horsepower disconnecting meansis 
required. 


Figure 6-5. Sizing the disconnecting means for two or more hermetic motors. 


APPLICATION AND SELECTION — 
440-22 


Branch-circuit fuse or circuit breaker ratings must be 
sized large enough to permit the hermetic motor to 
start and develop speed without tripping out as a 
result of momentary inrush current. The ratings or 
settings should be sized as low as possible to provide 
maximum protection. The ratings and settings of the 
devices should be designed to protect the branch- 
circuit conductors, control apparatus, and all types of 
motors in the circuits serving hermetic refrigerant 
motor-compressors against overcurrent caused by 
short circuits and grounds. 


Sizing the Overcurrent Protection 
Device by the Rating or Setting for 
Individual Motor-Compressors — 
440-22(a) 
The rating or setting of the overcurrent protection 
device cannot be more than 175% of the nameplate 
full-load current rating or the nameplate branch- 
circuit rating, whichever is greater (Figure 6-8). 

If the hermetic motor will not start and develop 
speed with a low rating, a larger rating, up to 225%, 


POWER SOURCE 


OVERCURRENT 
PROTECTION DEVICE 


DISCONNECTING MEANS 


3PH, 230 V, 42 A 
HERMETIC MOTOR 
WITH 15HP RATING 


240-6; Table 430-150; 440-22(a) 


PROBLEM: What size overcurrent protection device 
is required to protect the circuit to this hermetic 
motor, using the minimum rating? 
STEP 1:Table 430-150 

15 horsepower = 42 amps 
STEP 2:440-22(a). 

42 amps x 175% = 73.5 amps 
STEP 3: 240-6. 


ANSWER: A 70-amp overcurrent protection device 
is required. 


Figure 6-8. Sizing the overcurrent protection device for a hermetic 
motor, using the minimum rating. 
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may be selected to permit the motor to start (Figure 
6-9). NOTE: If equipment is marked for a particular 
fuse size or HACR CB, only that fuse size or HACR 
CB may be installed to protect the branch-circuit 
conductors supplying the unit. A regular circuit 
breaker must not be used. 


POWER SOURCE Z 


NA 


‘N 


he 
OVERCURRENT > 
PROTECTION DEVICE 


~= DISCONNECTING MEANS 


~ 3PH, 230 V, 42A 
HERMETIC MOTOR 
WITH 15HP RATING 


240-6; Table 430-150; 440-22(a) 


PROBLEM: What size overcurrent protection device 
is required to protect the circuit to this hermetic 
motor, using the maximum rating? 
STEP 1: Table 430-150 

15 horsepower = 42 amps. 
STEP 2: 440-22(a). 

42 amps x 225% = 94.5 amps 
STEP 3: 240-6. 


ANSWER: A 90-amp overcurrent protection device 
is required. 


Figure 6-9. Sizing the overcurrent protection device for a hermetic 
motor, using the maximum rating. 


Rating or Setting for Equipment — 
440-22(b) 

The rating or setting of the overcurrent protection 
device must be selected according to the number of 
hermetic motors, or combination of hermetic motors 
and standard motors, installed on a circuit. 


Sizing the Overcurrent Protection Device for 
Two or More Hermetic Motors on a Circuit — 
440-22(b)(1). If there are two or more hermetic motors 
onthe same circuit, the overcurrent protection device 
is sized at 175% of the nameplate full-load current 
rating of the largest motor or the branch-circuit 
selection current rating, whichever is greater, plus 
the sum of the other motor nameplate full-load current 
ratings (Figure 6-10). 
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POWER SOURCE 


OVERCURRENT 
PROTECTION DEVICE 


GUTTER 


DISCONNECTING MEANS 


3PH, 460 V, 14 A 
HERMETIC MOTOR 
WITH 10 HP RATING 


3PH, 460 V, 27 A 
HERMETIC MOTOR 
WITH 20 HP RATING 


3PH, 460 V, 34 A 
HERMETIC MOTOR 
WITH 25 HP RATING 


240-6; Table 430-150; 440-22(b)(1) 


PROBLEM: What size overcurrent protection device 
is required to protect the circuit to these three 
hermetic motors? 


STEP 1:Table 430-150 


Horsepower Amps 


10 14 
20 20 
25 34 


STEP 2: 440-22(b)(1). 
34 amps x 175% = 59.5 amps 


59.5 amps + 14 amps + 27 amps = 
100.5 amps 
STEP 3:240-6. 


ANSWER: A 100-amp overcurrent protection device 
is required. 


Figure 6-10. Sizing the overcurrent protection device for two or more hermetic motors, using the minimum rating. 


If 175% of the hermetic motor full-load current 
rating will not hold the starting current, the rating of 
the device may be increased to 225% plus the remaining 
motor full-load current ratings (Figure 6-11). 


Sizing the Overcurrent Protection Device for 
Hermetic and Standard Motors when a Hermetic 
Motor Is the Largest — 440-22(b)(1). If hermetic 
and standard motors are installed onthe same circuit, 


POWER SOURCE 


OVERCURRENT 
PROTECTION DEVICE 


GUTTER 


DISCONNECTING MEANS 


3PH, 460 V, 14 A 3PH, 460 V, 27 A 
HERMETIC MOTOR HERMETIC MOTOR 
WITH 10 HP RATING WITH 20 HP RATING 


3PH, 460 V, 34 A 
HERMETIC MOTOR 
WITH 25 HP RATING 


240-6; Table 430-150; 440-22(b)(1) 


and one of the hermetic motors is the largest of the 
group, then the circuit overcurrent protection device 
is determined by the same procedure described for 
two or more hermetic motors on a circuit. That is, 
175% of the nameplate full-load current rating of the 
largest hermetic motor or the branch-circuit selection 
current rating, whichever is larger, is added to the 
sum of the other motor nameplate full-load current 
ratings. 


PROBLEM: What size overcurrent protection device 
is required to protect the current to these hermetic 
motors, using the maximum rating? 


STEP 1:Table 430-150 


Horsepower Amps 


10 14 
20 27 
25 34 


STEP 2:440-22(b)(1). 
34 amps x 225% = 76.5 amps 


76.5 amps + 14 amps + 27 amps = 
117.5 amps 
STEP 3: 240-6. 


ANSWER: A 110-amp overcurrent protection device 
is required. 


Figure 6-11. Sizing the overcurrent protection device for two or more hermetic motors, using the maximum rating. 


Sizing the Overcurrent Protection Device for 
Hermetic and Standard Motors When a Standard 
Motor Is the Largest — 440-22(b)(2). If hermetic 
and standard motors are installed on the same circuit, 
and a standard motor is the largest, the percentages 
from Table 430-152 must be used for the particular 
type of device selected. Use the maximum branch- 
circuit overcurrent protection device for the standard 
motor, and add the sum of the full-load current ratings 
of the remaining standard and hermetic motors of the 
group. Using this total sum, select the next lower 
standard rated device from 240-6 (Figure 6-12). 

NOTE: There are no exceptions that permit the 
next higher standard size to be used. 


POWER SOURCE 
GUTTER 


OVERCURRENT 
PROTECTION DEVICE 


DISCONNECTING 
MEANS 


CONTROLLER 


3PH, 575 V, 32 A 3PH 575 V, 62A 
HERMETIC MOTOR MOTOR WITH 60 HP 
WITH 30 HP RATING RATING 


3PH 575 V, 41 A 
HERMETIC MOTOR 
WITH 40 HP RATING 


430-52(a), Ex. 1; 430-62; 240-6; 
Table 430-150; Table 430-152 


PROBLEM: What size overcurrent protection device 
is required to protect these hermetic and standard 
motors, using a circuit breaker with the minimum 
rating? 


STEP 1: Table 430-150 


Horsepower Amps 


62 
41 
32 


STEP 2: Table 430-152 
62 amps x 250% = 155 amps 


STEP 3: 430-52(a); 430-62(a). 


150-amp circuit breaker + 41 amps 
+ 32 amps = 223 amps 


STEP 4: 430-62 and 240-6. 
ANSWER: A 200-amp circuit breaker is required. 


Figure 6-12. Sizing the overcurrent protection device for hermetic 
and standard motors when a standard motor is the largest. 
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Exception No. 1. If unit equipment will start and 
operate on a 15-amp or 20-amp, 120-volt, single- 
phase circuit; or on a 15-amp, 208-volt or 240-volt, 
single-phase circuit, the equipment is considered pro- 
tected by the 15-amp or 20-amp overcurrent pro- 
tection device. (Figure 6-13). The overcurrent pro- 
tection device must not exceed any rating value 
stamped on the nameplate of the equipment. 

NOTE: Under the preceding provision, it is not 
necessary to calculate and size the branch-circuit 
overcurrent protection device. 


POWER SOURCE 


OVERCURRENT 
PROTECTION DEVICE 


BRANCH CIRCUIT 15 - 20 A, 
120 V, 1PH OR 15 A, 208 OR 
240 V, 1PH 


NAMEPLATE 
AIR CONDITIONER UNIT 


440-22(b)(2), Ex. 1 


Figure 6-13. Unit equipment on 15-amp or 20-amp, 120-volt, 
single-phase circuit; or on a 15-amp, 208-volt or 240-volt, single- 
phase circuit, is protected by the overcurrent protection device. 
The device must not exceed the equipment nameplate rating. 


Exception No. 2. The nameplate rating of cord- and 
plug-connected equipment with single-phase, 250-volt 
or less hermetic motors must be used to deterine the 
rating of the overcurrent protection device (fuse or cir- 
cuit breaker) (Figure 6-14). 


POWER SOURCE 


OVERCURRENT 
PROTECTION 
DEVICE 


RECEPTACLE 
NAMEPLATE 


PLUG 


EQUIPMENT OF 
250 V OR LESS 


440-22(b)(2), Ex. 2 
Figure 6-14. The nameplate rating is used to size the overcurrent 


protection device for cord- and plug-connected, single-phase, 
hermetic motors of 250 volts or less. 
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Protection Device Rating Not to Exceed 
the Manufacturer’s Values — 440-22(c) 


If the overcurrent protection device for a piece of 
equipment incorporating a hermetic motor is specified 
by the manufacturer, and the rating or setting is less 
than the calculated rating, the manufacturer’s rating 
or setting must be used (Figure 6-15). 


POWER SOURCE 


OVERCURRENT 
PROTECTION DEVICE 


CONTROLLER 
AIR CONDITIONER UNIT 


NAMEPLATE 


1PH HERMETIC MOTOR 


440-22(c) 


Figure 6-15. The branch-circuit overcurrent protection device 
must not exceed the equipment nameplate rating. 


BRANCH-CIRCUIT CONDUCTORS — 
440-31 


Conductors must be sized large enough to allow a 
hermetic motor to start and to run without heating the 
conductors and motor elements of the circuit. Con- 
ductors must be derated to 80% to compensate for 
these conditions. 


Sizing Conductors for a Single Motor- 
Compressor — 440-32 


Conductors supplying hermetic motors must have an 
ampacity equal to at least 125% of the nameplate 
current rating or branch-circuit selection current 
rating, whichever is greater. From this total rating, 
select the size of the conductors (Figure 6-16). 


Sizing Conductors for Two or more 
Motor-Compressors — 440-33 


Conductors supplying two or more hermetic motors 
must have an ampacity equal to 125% of the full-load 
current rating of the largest motor, plus the sum of the 
full-load current ratings of all other motors of the 
group. From this total rating, select the size of the 
conductors (Figure 6-17). 


POWER SOURCE 


OVERCURRENT 
PROTECTION DEVICE 


BRANCH-CIRCUIT CONDUCTORS 


NAMEPLATE 


AIR CONDITIONER UNIT 


1PH, 230 V, 42 A 
HERMETIC MOTOR 
WITH 10 HP RATING 


Table 310-16; 440-32 


PROBLEM: What size THW copper conductors are 
required to supply the hermetic motor? 
STEP 1: 440-32. 
Nameplate rating = 42 amps. 
42 amps x 125% = 52.5 amps 
STEP 2: Table 310-16, Column 2. 


ANSWER: Size #6 copper conductors are required. 


Figure 6-16. Sizing conductors for a hermetic motor. 


Sizing Conductors for a Motor- 
Compressor and Other Loads — 
440-34 


Conductors supplying a motor-compressor with other 
loads must have an ampacity equal to 125% of the 
largest hermetic motor, plus the sum of all the other 
continuous and noncontinuous loads. See 220-10(b). 
From this total rating, select the size of the conductors 
(Figure 6-18). 


Sizing Conductors for Multimotor and 
Combination-load Equipment — 
440-35 


Branch-circuit conductors for multimotor and combi- 
nation-load equipment are sized according to the 
requirements stamped on the nameplate. The con- 
ductors must have a rating equivalent to the name- 
plate rating. In this case, it is not necessary to calculate 
the size of the conductors on each individual motor or 
load contained in the unit. 


POWER SOURCE —\ 


— OVERCURRENT 
PROTECTION DEVICE 


GUTTER 


DISCONNECT 


1PH, 230 V, 28 A 
HERMETIC MOTOR 
WITH 5 HP RATING 


1PH, 230 V, 40 A 
HERMETIC MOTOR 
WITH 7% HP RATING 


Table 310-16; 440-33 
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PROBLEM: What size THW copper conductors are 
required to supply these compressor motors? 


STEP 1:440-33. 
Nameplate ratings = 40 amps and 28 amps 
40 amps x 125% = 50 amps 
50 amps + 28 amps = 78 amps 

STEP 2: Table 310-16, Column 2. 

ANSWER: Size #4 copper conductors are required. 


Figure 6-17. Sizing motors for two or more hermetic motors. 


POWER SOURCE — 


GUTTER OVERCURRENT 
PROTECTION DEVICE 


DISCONNECT 


1PH, 120V,12A 
RECEPTACLE LOADS 
(NONCONTINUOUS) 


1PH, 120 V,10A 
LIGHTING LOAD 
(NONCONTINUOUS) 


1PH, 120 V, 20 A 
HERMETIC MOTOR 
WITH 1% HP RATING 


Table 310-16; 440-34 


PROBLEM: What size THW copper conductors are 
required to supply these loads? 


STEP 1:440-34. 


Nameplate ratings and other loads 


20 amps 
20 amps 
10 amps 
12 amps 


hermetic motor 
hermetic motor 
lighting loads 
receptacle loads 


STEP 2: 440-34. 
20 amps x 125% = 25 amps 


25amps+ 20amps+ 10amps+ 12 amps = 
67 amps 


STEP 3: Table 310-16, Column 2. 
ANSWER: Size #4 copper conductors are required. 


Figure 6-18. Sizing conductors for two or more hermetic motors with other loads. 
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CONTROLLERS FOR MOTOR- 
COMPRESSORS — 440-41 


Motor controllers are used to connect circuit supply 
conductors to the terminals of the compressors. 
Controllers must be sized for the continuous-duty, 
full-load current rating and the locked-rotor current 
rating of the compressor-motor. 


Sizing the Controller for One Motor- 
Compressor — 440-41(a). 
Motor-compressor controllers are sized by the same 
method used to size disconnecting means. The 
nameplate full-load current rating or the branch- 
circuit selection current rating is used, whichever is 
greater. The controller may also be sized from the 


locked-rotor current rating of the motor (Figure 
6-19). 


POWER SOURCE 


OVERCURRENT 
PROTECTION DEVICE 


DISCONNECTING MEANS 
CONTROLLER 
AIR CONDITIONER UNIT 


NAMEPLATE 


1PH, 240 V, 28 A 
HERMETIC MOTOR 


Table 430-148; Table 430-151; 440-41(a) 


PROBLEM: What size controller is required to serve 
this hermetic motor? 
STEP 1: Table 430-148 


The horsepower rating equivalent to 28 
amps is 5 horsepower. 


STEP 2: Table 430-151 


The horsepower rating equivalent to 168 
amps is 5 horsepower. 


STEP 3: 440-4 1(a). 
Use the higher horsepower rating. 


ANSWER: A 5-horsepower controller is required. 


Figure 6-19. Sizing a controller for one hermetic motor. 


SIZING THE BRANCH-CIRCUIT 
OVERLOAD PROTECTION FOR THE 
MOTOR-COMPRESSOR — 440-51 


Motor-compressors must be protected against pos- 
sible overload and nonstarting, either by installing 
separate overload relays or by selecting a motor- 
compressor with integral overload protection. The 
overload protection may be provided by installing a 
motor-compressor with an integral thermal sensor 
that will interrupt both control and power circuits. 
Fuses or circuit breakers may serve as branch-circuit, 
short-circuit, and ground-fault protection. 


Application and Selection — 440-52 


The overload relay must trip at not more than 140% 
of the motor-compressor’s full-load current rating. 
The fuse or circuit breaker selected must trip at not 
more than 125% of the motor-compressor’s full-load 
current rating (Figure 6-20). 


POWER SOURCE 


- OVERCURRENT 
2a PROTECTION DEVICE 
DISCONNECTING MEANS 


CONTROLLER 
AIR CONDITIONER 


NAMEPLATE 


3PH, 230 V, 42 A 
HERMETIC MOTOR 


440-52(a)(1) 


PROBLEM: What size overload relay is required to 
protect the hermetic motor? 


STEP 1:440-52. 
42 A x 140% = 58.8 A 
ANSWER: 58.8 A overload relay 


Figure 6-20. Sizing overloads, using a relay. 


Overload Relays — 440-53 


Overload relays and thermal protectors do not provide 
short-circuit protection. They respond to heat build- 
up and open with a delayed action. They will not 
operate instantly, even on short circuits. Branch- 


circuit protection devices must operate instantaneously 
and clear the circuit immediately under short-circuit 
conditions. 


Motor-Compressors and Equipment on 
15-amp or 20-amp Branch-circuits That 
Are Not Cord- and Plug-connected — 
440-54 


Direct or fixed-wired motor-compressors and equip- 
ment connected to single-phase, 15-amp or 20-amp, 
120-volt branch circuits; or 15-amp, 240-volt branch 
circuits, must be provided with overload protection. 

Separate overload relays must be selected at 140% 
of the full-load current rating of the hermetic motor. 
Fuses or circuit breakers must provide sufficient time 
delay to permit the hermetic motor to attain running 
speed without tripping out as a result of the high 
inrush current (Figure 6-21). 


15 - 20 A, 120 V, 1PH 
OR 15 A, 208 OR 240 V, 
1PH CIRCUIT 


POWER SOURCE 


OVERCURRENT 
PROTECTION DEVICE 


FIXED WIRING DISCONNECTING MEANS 


OVERLOAD PROTECTION 
AIR CONDITIONER UNIT 


NAMEPLATE 


COMPRESSOR - MOTOR 
(HERMETIC MOTOR) 


440-54 


Figure 6-21. A hermetic motor with a 15-amp or 20-amp fixed- 
wire branch circuit connected to the overcurrent protection 
device. 


Cord- and Plug-connected Motor- 
Compressors and Equipment on 
15-amp or 20-amp Branch-circuits — 
440-55 

Attachment plugs and receptacles must be rated no 
higher than 20 amps on 120-volt circuits, and 15 
amps on 240-volt circuits (Figure 6-22). 
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POWER SOURCE — 


L OVERCURRENT 
PROTECTION 


RECEPTACLE ~ 
DEVICE 


NAMEPLATE Z 
~ 15- 20A, 120V, IPH 


OR 15 A, 208 - 240 V, 
1PH CIRCUIT 


CORD PLUG 
COMPRESSOR - MOTOR 
(HERMETIC MOTOR) - 
OVERLOAD PROTECTION 
PROVIDED 
440-55 


Figure 6-22. A hermetic motor cord- and plug-connected to a 15- 
amp or 20-amp branch circuit having an overcurrent protection 
device. 


SIZING AND INSTALLING ROOM 
AIR CONDITIONING UNITS — 
440-60 


Room air conditioning units operate on single-phase, 
120/240-volt systems and usually are cord- and plug- 
connected. However, they may be direct- or fixed- 
wired. Three-phase, or over 250-volt, air conditioners 
must always be direct- or fixed-wired. 


Sizing the Grounding System — 
440-61 


All cord- and plug-connected air conditioners must 
be grounded. Direct- or fixed-wired air conditioners 
must be grounded if the unit is within reach of the 
ground or a grounded object. The unit must be 
grounded if it is in contact with metal. It must also be 
grounded if it is operating over 150 volts to ground. If 
the unit is wired with metal-clad wiring, located in a 
hazardous location, or installed in a damp location 
and within reach of the user, it must be grounded 
(Figure 6-23). 


Sizing Branch-circuit Requirements — 
440-62 


A room air conditioner must not operate at more than 
40 amps on 250 volts. The nameplate must display 
the full-load current rating of the unit. The branch- 
circuit overcurrent protection device must have a 
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EMT 
IMC 
RIGID CONDUIT 
BX 
GREENFIELD 


EQUIPMENT GROUNDING 
CONDUCTOR 


FIXED WIRING 


PLUG 


CORD 


440-61 


Figure 6-23. Air conditioning units must be grounded. 


rating no greater than the circuit conductor’s ampacity 
or the rating of the receptacle serving the unit, which- 
ever is less (440-62). Ifthe air conditioner is served by 
an individual branch circuit supplying no other loads, 
the total current of the air conditioning equipment 
must not exceed 80% of the branch-circuit conductor’s 
ampacity (Figure 6-24). 

When the air conditioner’s branch-circuit con- 
ductors serve other loads, only 50% of the branch- 
circuit conductor’s ampacity may be used to supply 
the air conditioner’s load (Figure 6-25). 


URCE 
# 10 CONDUCTORS POWER SE 


OVERCURRENT 
PROTECTION 
DEVICE (30 A) 


BRANCH CIRCUIT SERVES 
NO OTHER LOADS 


RECEPTACLE 
NAMEPLATE 


AIR CONDITIONER UNIT 


440-62(b) 


| PROBLEM: What ampacity of the branch-circuit con- 
ductors may be used to supply this air conditioning 
unit? 


STEP 1:440-62. 


Ampacity of the #10 conductors is 30 amps. 
STEP 2: 440-62(b). 
30 amps x 80% = 24 amps. 


ANSWER: The maximum ampacity permitted is 24 
amps. 


Figure 6-24. The total current of an air conditioning unit must not 
exceed 80% of the branch-circuit conductor’s ampacity rating. 


ER SOURCE 
# 12 CONDUCTORS POWER 


OVERCURRENT 
PROTECTION 
DEVICE 


RECEPTACLE 
NAMEPLATE 


RECEPTACLE LOAD 
LIGHTING LOAD 


AIR CONDITIONER UNIT 


440-62(c) 


PROBLEM: What ampacity of the branch-circuit con- 
ductors may be used to supply this air conditioning 
unit? 


STEP 1:440-62. 

Ampacity of the #12 conductors is 20 amps. 
STEP 2: 440-62(c). 

20 amps x 50% = 10 amps 


ANSWER: The maximum ampacity permitted is 10 
amps. 


Figure 6-25. The total current of an air conditioning unit must not 
exceed 50% of the branch-circuit conductor’s ampacity rating 
when other loads are served. 


Sizing Disconnecting Means — 440-63 


A cord and plug may serve as the disconnecting means 
for an air conditioner, provided: 

1. The unit operates at 250 volts or less. 

2. The controls are manually operated. 

3. The controls are within 6’ of the floor. 

4. The controls are readily accessible. 

Figure 6-26 shows the location of an air conditioner 
with a cord-and-plug connection. The air conditioner 
may be wired directly and located within sight of the 
service panel, or it may be wired so that it is readily 
accessible to an operating switch and within sight of 
the unit (Figure 6-27). 

NOTE: These rules do not apply to three-phase air 
conditioners. Three-phase air conditioners must be 
fixed-wired, and a disconnecting means must be 
provided. 


POWER SOURCE 


240 V, 1PH 


OVERCURRENT 
PROTECTION 
DEVICE 


RECEPTACLE 
NAMEPLATE 


CONTROLS 


LESS THAN 6’ 


AIR CONDITIONER 
1PH UNIT 


440-63 


Figure 6-26. A cord and plug may serve as the disconnecting 
means for an air conditioning unit if the controls are less than 6’ 
from the floor. 


POWER SOURCE 


240 V, 1PH 


OVERCURRENT 
PROTECTION 


RECEPTACLE DEVICE 


NAMEPLATE DISCONNECTING MEANS 
CONTROLS 
PLUG 
CORD 
AIR CONDITIONER 
1PH UNIT 
MORE THAN 6' 
FLOOR 
440-63 


Figure 6-27. A cord and plug may not serve as the disconnecting 
means for an air conditioning unit if the controls are more than 6’ 
from the floor. 


Sizing and Using Supply Cords — 
440-64 

If a flexible cord is used to supply a room air condi- 
tioner, the length of the cord is limited to 10’ for 120- 
volt circuits and 6’ for 208-volt or 240-volt circuits 


(Figure 6-28). 
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POWER SOURCE 


120 OR 240 V 


OVERCURRENT 
PROTECTION 
DEVICE (30 A) 


RECEPTACLE ~ 
NAMEPLATE 


PLUG 
CORD { 10’ — 120 V 
6’ — 208 OR 240 V 


AIR CONDITIONER UNIT 


440-64 


Figure 6-28. Sizing supply cords. 


DESIGNING THE WIRING FOR 
DUCTS, PLENUMS, AND OTHER 
AIR-HANDLING SPACES — 
300-22 


Part a does not permit any wiring method of any type 
to be installed in ducts used to transport dust, loose 
stock, or flammable vapors. Nor is any wiring system 
permitted to be installed in ducts used for vapor 
removal or ventilation of commercial-type cooking 
equipment (Figure 6-29). 

Part b permits certain wiring methods to be installed 
in ducts or plenums used for environmental air. 
Flexible metal conduit or tubing may be used in 
lengths of 4’ or less to connect equipment and devices. 
Wiring methods permitted include mineral-insulated 


DUCT 
_(NO WIRING METHODS 
PERMITTED) 


T Hoop 


COMMERCIAL RANGE 


300-22(a) 


Figure 6-29. No wiring method of any type is permitted in ducts 
for dust, loose stock, or vapor removal. 
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metal-sheathed cable, Type MC cable, EMT, flexible 
metallic tubing, IMC, and rigid metal conduit. The 
wiring must not exceed 4’ in length (Figure 6-30). 
Part c permits liquidtight flexible conduit and 
flexible metallic tubing in single lengths not over 6’ to 
be used in air-handling ceiling spaces. Figure 6-31 
shows other types of wiring methods permitted in 
other types of space (not designated as ducts or 
plenums) used for environmental air. Any cable that 
has fire-resistant and low-smoke characteristics ac- 
cording to 725-2(b), 760-2(b), and 800-53(a) may be 
installed in air-handling spaces without conduit. 


DUCT 
PLENUM 
WIRING METHODS: 
@Mi CABLE 
‘ @MC CABLE 
@EMT 
e@iMc 
@FLEXIBLE METALLIC 
TUBING 


@®RIGID METAL CONDUIT 


M~~ PLENUM 
CHAMBER 


CLASS 2 
CONTROL 

CIRCUIT 

300-11(b), EX. 2 

300-22(b) 


Figure 6-30. Certain wiring methods are permitted in ducts or 
plenums for environmental air. 


Such cables are DuPont’s Teflon, Pennwalt’s Kynar, 
and Allied Corporation’s Halar. 

NOTE: Electrical equipment with metal enclosures 
or nonmetallic enclosures that are listed can be in- 
stalled in other space used for environmental air. A 
totally enclosed transformer will meet this require- 
ment per 450-13, Ex. 2. 


TOTALLY ENCLOSED 
TRANSFORMER 


CEILING 


SUSPENDED CEILING FLUORESCENT 


FIXTURE 


WIRING METHODS: WIRING METHODS: 


@RIGID METAL CONDUIT @MI CABLE 
e@iMc @MC CABLE 
@EMT @CS CABLE 
@FLEXIBLE METAL CONDUIT @ALS CABLE 
@MODULAR WIRING SYSTEMS @AC CABLE 


@METAL SURFACE RACEWAY 


®@LIQUID-TIGHT 


FLEXIBLE CONDUIT 
@FLEXIBLE METALLIC 
CONDUIT 


WHERE ACCESSIBLE: 
@ WIREWAYS WITH 
METAL COVERS 
@ SOLID BOTTOM METAL 
TRAYS WITH SOLID METAL 
COVERS 
@ BUSWAYS W. 
10 PLUG INS 300-22(c) 
Figure 6-31. Certain wiring methods are permitted in other types 
of space used for environmental air. See 725-2(b), 760-2(b), and 
800-53(a). 


PHASE CONVERTERS-455-6; 
455-7 


Conductors supplying power to phase conductors 
shall be sized at 125% of the nameplate’s 1 input 
FLA. The OCPD for the conductors and phase con- 
verter shall be protected at 125% of the nameplate’s 
1 input FLA. The disconnecting means shall be lo- 
cated within 50’ and within sight per 455-8(a). Apply 
the output to input ration rule per 455-6 where the 
voltage is not the same. See Figure 6-32. 


OCPD 
250% x FLC FOR 
SPECIFIC FIXED LOADS 


455-7, Ex. 1 DISCONNECTING 
i MEANS 


THWN Cu 
CONDUCTORS 


240 V, 10 


CONDUCTORS 
250% x FLC 
FOR SPECIFIC 
FIXED LOADS 
455-6, Ex. 


PHASE CONVERTER eA 


W/ 28 A FLA 


NOT A SPECIFIC FIXED LOAD Eee 


A/C UNIT 


PROBLEM: What size THWN Cu conductors and 
OCPD are required to supply power to the phase 
converter? 


CONDUCTORS 


STEP 1: 455-6. 
28 A x 125% = 35 A 


STEP 2: Table 310-16. 
35 A requires No. 10 


ANSWER: Conductors = No. 10 THWN Cu 


OCPD 


STEP 1: 455-7. 
28 A x 125% = 35A 


STEP 2: 240-3(g); 240-6. 
35 A requires 35 A 


ANSWER: OCPD = 35 A 


Figure 6-32. Sizing feeder- and branch-circuit conductors to 
a phase converter. : 


CHAPTER 6: AIR CONDITIONING AND REFRIGERATION 


Name 


True or False 


Date 


Circle T (true) or F (false) for each statement. Enter the NEC section number that supports your answer in the 


space provided. 


Section 
TF 1 
ME 2 
TF 3 
YT iF 4 
TF 5 
Vo 6 
T F if 

ae, Vl 8 
DEE 9 
VY & ve 
TF Tin 
TF 12 
Vi We 
Yin We 
Tl ve 
Tf we 


A hermetic refrigerant motor-compressor is not provided with a nameplate. 


Devices such as room air conditioners, household refrigerators and freezers, 
drinking water coolers, and beverage dispensers are considered appliances. 


A hermetic motor consists of a compressor and motor enclosed in the same 
housing, with no external shaft or shaft seals and with the motor operating in 
the refrigerant. 


A motor-compressor may be protected against overload and failure to start by 
a separate overload relay which is responsive to the motor-compressor’s 
current. 


Conductors to a phase converter are sized at 2.16 times the FLC of the compressor. 


Multimotor and combination-load equipment is provided with a visible name- 
plate containing maker's name, rating in volts, frequency, and number of phases. 


A controller is not required to have the maker’s name, trademark, voltage, 
phases, or full-load current rating marked on the nameplate. 


A single disconnecting means may be used when a group of motors in a single 
room is within sight of the disconnecting means. 


lf the air conditioner is located out of sight, an additional disconnecting means 
is required within sight of the unit. 


When branch-circuit conductors to an air conditioner are sized, the conductors 
must have an ampacity at least 125% of the motor-compressor’s full-load 
current rating. 


The rating or setting of the overcurrent protection device for a motor- 
compressor may not exceed 300% of the motor-compressor’s full-load current 
rating. 


Conductors supplying two or more motor-compressors must have 25% of the 
highest rated hermetic motor of the group added to the remaining hermetic 
motors of the group. 


When the minimum percentage will not allow the hermetic motor to start and 
attain speed, 225% or less of the hermetic motor’s full-load current may be 
used to size the overcurrent protection device. 


Hermetic motors and equipment may be installed on 15- or 20-amp circuits on 
120-, 208-, or 240-volt systems as long as the equipment will start and operate 


properly. 

When an air conditioner is cord-and-plug connected, the cord and plug may 
serve as a disconnecting means, provided the unit is 250 volts or less and the 
controls are not over 8’ above the floor. 


When a flexible cord is used to supply a 120-volt air conditioner, the length of 
the cord must not exceed 10’. 
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Design Problems 


Enter the answer(s) to each question and the NEC section number(s) that supports your answer(s) in the space 


provided. 


Section Answer 


10; 


we 


2: 


13. 


14. 


What size THW copper conductors are required to supply a 
48-amp motor-compressor load? 


What size THW copper conductors are required to supply a 
group of motor-compressors that pull 56 amps, 42 amps, and 
38 amps? 


What size overcurrent protection device is required to pro- 
tect a circuit supplying an individual motor-compressor 
pulling 39 amps? 


What size overcurrent protection device is required to pro- 
tectacircuit supplying a group of motor-compressors pulling 
42 amps, 35 amps, and 58 amps? 


A motor-compressor has a nameplate rating of 40 amps. 
What size overloads using a separate overload relay are 
required? 


What size THWN copper conductors is required for a phase 
converter supplying a 34, 23-amp compressor from a 19 source? 


What size disconnecting means is required to serve a motor- 
compressor that pulls 40 amps and has a locked-rotor current 
rating of 250 amps on a three-phase, 460-volt system? 


What size THW copper conductors are required to supply a 
group of hermetic and standard motors? The hermetic motor 
pulls 60 amps, and the two standard motors pull 40 amps and 
30 amps. 


What size THW copper conductors are required to supply a 
group of hermetic and standard motors? The hermetic motor 
pulls 28 amps, and the standard motors are 20-horsepower 
and 25-horsepower three-phase motors operating at 230- 
volts. 


A52-amp motor-compressor protected with a 90-amp device 
will not start and run up to speed. What is the maximum size 
overcurrent protection device permitted? 


What size THW copper conductors are required to supply an 
air conditioner with a branch-circuit selection current of 60 
amps? 


What size overcurrent protection device is required to pro- 
tect a circuit supplying a hermetic motor that pulls 42 amps 
and two standard motors pulling 15.2 amps and 28 amps? 


What size circuit breaker is required to protect a feeder 
circuit supplying a three-phase, 26-amp, 230-volt compressor- 
motor; a three-phase, 230-volt, 20-horsepower motor; anda 
three-phase, 230-volt, 50-horsepower motor? 


A20-amp branch circuit supplies a cord- and plug-connected 
single-phase room air conditioner. What is the maximum full- 
load current rating of the air conditioner? 


cuapter| f | TRANSFORMERS 


Transformers are considered the single most important type of equip- 
ment in the entire process of distributing electrical power. A trans- 
former has no moving parts, so little maintenance is required. It 
consists of a steel or iron core around which two separate coils of wire 
are wound. One of the coils has a greater number of turns than the 
other. Voltage applied to one of the coils will magnetize the core, 
setting up a strong magnetic field. This magnetic field induces voltage 
in the second coil. The voltage in the second coil opposes the initial 
voltage. A counter-voltage is built up which will oppose the voltages 
being applied. This counter-voltage creates voltage inthe secondcoil 
by induction. 

If the output coil of the transformer is wound with fewer turns of wire 
than the input coil, the voltage is reduced. If the output coil has more 
turns, the voltage is increased. This is known as the turns ratio of the 
transformer. The voltage is transformed in exact ratio to the number 
of turns on the two coils. 

Transformers either step the voltage up or step the voltage down. 
Stepping up the voltage reduces the current, allowing small con- 
ductors to be used on the primary side. At the points where the 
secondary is tapped to supply panels, switchboards, motor control 
centers, etc.,the voltage is stepped down, permitting the use of larger 
conductors and larger currents. 

The overcurrent protection device on the primary side of the trans- 
former protects against short circuits.It must be sized and selected to 
provide this type of protection. The overcurrent protection device on 
the secondary side of the transformer must protect the transformer 
from overloads. The tap rules of 240-21(b)(d)(j) must be applied to help 
provide this protection. The provisions of Article 450 must be applied to 
ensure that conductors are large enough to carry the loads and prevent 
overheating of the transformer’s windings. Overcurrent protection de- 
vices must be sized and selected at ratings and settings that will protect 
conductors and transformers from short circuits and overloads. Trans- 
former locations must be selected to provide access for maintenance 
and adequate air circulation to dissipate accumulated heat. 


CONNECTIONS OF 

ANSFORMERS together in anumber of ways, depending on the voltage 
TR desired. To understand transformer connections, one 
A transformer winding may be connected in a number must understand the types of AC distribution systems 
of ways, depending on the job it will perform. Also, to which transformers are connected and the type of 
two or more transformer windings may be connected voltage supplied on the secondary load side. 
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Single-phase Connections 


When a transformer’s secondary supplies 120/240 
volts, single-phase, there will be 120 volts, single- 
phase, between either one of the phase lines and the 
neutral. At the same time, both phase lines can be 
tapped to deliver 240 volts, single-phase. The 120- 
volt lines can supply all lighting, receptacle, and 
appliance loads. The 240-volt lines can supply all 
240-volt, single-phase loads such as water heaters, 
air conditioners, electric heating, etc. The transformer 
may be connected for either 120-volt, single-phase 
supply or for 120/240-volt, single-phase supply 
(Figure 7-1). 


120 V 120 V 
240 V 


Figure 7-1. Transformers may be connected for 120 volts or 240 
volts, single-phase. Tapping the midpoint (center) produces 120 
volts to ground. 


Delta Connections 


The delta system is a good short-distance distribution 
system. It is used for neighborhood and small com- 
mercial loads close to the supplying substation. Only 
one voltage is available between any two wires in a 
delta system. The delta system can be illustrated by a 
simple triangle. A wire from each point of the triangle 
would represent a three -phase, three-wire delta system. 
The voltage would be the same between any two wires 
(Figure 7-2). 


Figure 7-2. Voltage is the same between any two wires of a three- 
phase, three-wire delta system. 


Wye or Star Connections 


In a wye system, better known as a star system, the 
voltage between any two wires will always give the 


same amount of voltage on a three-phase, three-wire 
system. However, the voltage between any one of the 
phase conductors and the neutral will be less than the 
power conductors. For example, if the voltage between 
the power conductors of any two phases of the three- 
wire system is 208 volts, then the voltage from any 
phase power conductor to ground will be 120 volts. 
This is due to the square root of three-phase power. 
In a wye system, the voltage between any two power 
phase conductors will always be 1.732 (the square 
root of 3) times the voltage between the neutral and 
any one of the power phase conductors. The phase- 
to-ground voltage can be found by dividing the phase- 
to-phase voltage by 1.732 (Figure 7-3). 

The difference between single-phase voltage and 
three-phase voltage concerns the number of con- 
ductors used. When all three power conductors of the 
system are used, the system operates on three-phase 
voltage. If only two power conductors are used, the 
system operates on single-phase voltage. For example, 
voltage between the first and second conductors is 
single-phase voltage, voltage between the first and 
third conductors is single-phase, and voltage between 
the second and third conductors is single-phase 
voltage. These sets of voltage conductors do not 
change direction or polarity at the same time, so they 
are not in phase. If all the three-phase conductors are 
used, the system will operate on three-phase voltage. 


Phase-to-phase voltage — phase 
E72 


-to-ground voltage 


208 V 
ieee Zou 


Phase-to-ground voltage x 1.732 = phase-to-phase 
voltage 


120 V x 1.732 = 208 V 


Figure 7-3. Phase-to- phase or phase-to-ground voltage is found 
by using 1.732, which is the square root of 3 ( V 3 ). 


Connections for Additive or 
Subtractive Polarity 


If the transformer windings are connected in additive 
polarity, the induced voltage in the primary and 
secondary windings will be in the opposite directions 
(Figure 7-4). If the transformer windings are all con- 
nected in subtractive polarity, the induced voltage in 
the primary and secondary windings will be in the 
same direction. 

If one of the windings is erroneously connected in 
subtractive polarity, either the transformer will trip 
the overcurrent protection device or the transformer 
will operate improperly (Figure 7-5). If one of the 
windings is erroneously connected in additive polarity, 
either the transformer will trip the overcurrent pro- 
tection device or the transformer will operate im- 
properly (Figure 7-6). 


X3 X2 X1 


a ADDITIVE POLARITY 


SUBTRACTIVE POLARITY 


Figure 7-4. Connecting transformers for additive or subtractive 
polarity. 


WRONG CONNECTION (SUBTRACTIVE) 
FOR ADDITIVE POLARITY 


Figure 7-5. When transformers are connected for additive 
polarity, one subtractive connection will cause the transformer to 
operate improperly. 
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X3 


WRONG CONNECTION 
(ADDITIVE) FOR 
SUBTRACTIVE POLARITY 


Figure 7-6. When transformers are connected for subtractive 
polarity, one additive connection will cause the transformer to 
operate improperly. 


Identifying Terminals and 
Polarity Connections 


High-voltage terminals are identified by the letter H 
and subscript numerals, located at the left of the 
primary side of the transformer’s windings. Low- 
voltage terminals are identified by the letter X and 
subscript numerals. On transformers with additive 
polarity, the X, terminal is located at the left of the 
secondary side of the transformer. If the transformer 
is subtractive, H, on the primary side will align with 
X, on the secondary side of the transformer (Figure 
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Figure 7-7. If the windings of the two coils are in the same direc- 
tion, the transformer is in subtractive polarity. If the wind- 
ings of the two coils are in the opposite direction, the transformer 
is in additive polarity. 
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Connecting Secondary Terminals of 
Transformer to Deliver 120/240 Volts, 
Single-phase 

To connect a transformer for a single-phase system, 
connect X, of the first transformer winding in series 
with a jumper to X, of the second winding, making a 
neutral connection (Figure 7-8). 


Figure 7-8. Connecting the terminals of a transformer to derive a 
single-phase 120/240-volt system. 


Connecting Secondary Terminals of 
Transformer for Three-phase Closed 
Delta System 


To connect a transformer for a three-phase, closed 
delta system, connect X, of the first transformer 
winding in series with a jumper to X, of the third 
transformer; X, of the first transformer winding in 
series with a jumper to X, of the second transformer; 
and X, of the second transformer winding in series 
with a jumper to X, of the third transformer. The 
center of any winding may be tapped for a neutral 
connection (Figure 7-9). 


THE CENTER OF ANY WINDING CAN 
BE TAPPED FOR A NEUTRAL CONNECTION 


Figure 7-9. Connecting the terminals of a transformer to derive a 
three-phase closed delta system. 


Connecting Secondary Terminals of 
Transformer for Three-phase, Open 
Deita System 


To connect a transformer for a three-phase, open 
delta system, connect X, of the first transformer 
winding in series with a jumper to X, of the second 
transformer. Two taps may be made to obtain a neutral 
connection. Depending on the desired voltage, the 
center winding of the first or second transformer may 
be tapped (Figure 7-10). 


THE CENTER OF ANY 
WINDING CAN BE TAPPED 
FOR A NEUTRAL CONNECTION 


Figure 7-10. Connecting the terminals of a transformer to derive 
a three-phase open delta system. 


Connecting Secondary Terminals of 
Transformer for Three-phase 

Wye System 

To connect a transformer for a three-phase wye system, 
connect X, of the first transformer winding in series 
with a jumper to X, of the second transformer and to 
X, of the third transformer, making the neutral con- 
nection. In this system, X,, X,, and X, will be Phases 
1, 2, and 3 (Figure 7-11). 


Figure 7-11. Connecting the terminals of a transformer to derive 
a three-phase wye system. 


Sizing Transformers for 
Wye-connected Secondary 


The size transformers required to supply a wye- 


connected secondary load can be found by (1) adding 
all the single-phase and three-phase loads together 
and (2) multiplying this total load by 14 (.33). 

The size of transformers can also be found by (1) 
multiplying the single-phase load by 14 (.33) and the 
three-phase load by '4 (.33) and (2) adding the two 
computations (Figure 7-12). 


THREE TRANSFORMERS 


PROBLEM: What size transformers are needed fora 
building with a total connected load of 19 kVA forthe 
single-phase load and 25 kVA for the three-phase 
load? 


STEP 1:Size load for each transformer: 


Total single-phase kVA: 19x .33 = 6.27 kVA 
Total three-phase kVA: 25x .33 = 8.25 kVA 


14.52 kVA 


STEP 2:Lighting and power transformers are to be 
the same size. 


ANSWER: Three transformers of 15 kVA each are 
required. 


Figure 7-12. Sizing transformers for a wye-connected secondary. 


Sizing Transformers for Closed 
Delta-connected Secondary 


The size transformers needed to supply a closed 
delta-connected secondary system can be determined 
by (1) adding all single-phase loads and multiplying 
by % (.67) and (2) adding all three-phase loads and 
multiplying by '4 (.33). These two totals will size the 
mid-tap lighting transformer. The size of the two 
power transformers can be found by adding the total 
single-phase and three-phase loads and multiplying 
by '4 (Figure 7-13). 
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TWO POWER TRANSFORMERS LIGHTING TRANSFORMER 


PROBLEM:A building has a total connected load of 


19 kVA for the single-phase load and 25 kVA for the 
three-phase load. What size transformers are required 
to supply this load, using a closed delta system on 
the secondary? 


STEP 1:LIGHTING TRANSFORMER: 


Total single-phase kVA: 19 kVA x .67 = 
12.73 KVA 

Total three-phase kVA: 25 kVA x .33 = 
8.25 kVA 


20.98 kVA 


ANSWER: A lighting transformer of 25 kVA is re- 
quired. 


STEP 2:POWER TRANSFORMERS: 


Total single-phase kVA: 19 kVA x .33 = 
6.27 kVA 

Total three-phase kVA: 25 kVA x .33 = 
8.25 kVA 


14.52 kVA 


ANSWER: Two power transformers of 15 kVA each 
are required. 


Figure 7-13. Sizing transformers by the total connected load of 
the building, using a closed delta system on the secondary. 


If one of the single-phase transformers in a closed 
delta hookup should become defective, the trans- 
former bank may be connected open delta until the 
single transformer is replaced. The two remaining 
transformers would supply 58% of the normal capacity 
of the three transformers connected three-phase, 
closed delta. 


158 DESIGNING ELECTRICAL SYSTEMS 


For example, if three 75-kVA, single-phase trans- 
formers were connected three-phase closed delta and 
one were lost, what capacity could an open delta 
hookup supply? Since 58% of the normal three-phase 
closed delta capacity would be 58% of 225 kVA (3 x 
75 kVA), the answer is 130.5 kVA. 

The unessential loads could be shut down and the 
system could continue to operate until another trans- 
former is installed (Figure 7-14). 


Mae N TRANSFORMER 


PRIMARY WYE - OR DELTA - CONNECTED 


PROBLEM: If three 75-kVA single-phase transformers 
are connected closed delta and one is lost, what 
capacity would an open delta hookup supply untit 
the defective transformer is replaced? 


STEP 1:75 kVA x 3 = 225 kVA 
STEP 2:225 kVA x 58% = 130.5 kVA 


ANSWER: An open delta system would provide 
130.5 kVA. 


Figure 7-14. Sizing the capacity of an open delta system after 
losing a defective transformer in a closed delta system. 


Advantage of Delta or Wye System 


The closed delta system is used to supply large three- 
phase loads with a small 120-volt neutral load. Greater 
capacity is supplied to serve the loads on a closed 
delta system, because three transformers are utilized. 
When a large amount of three-phase current and a 
small amount of single-phase current is required, the 
closed delta system should be utilized. 

The open delta system is used to supply large 120- 
volt neutral loads and single-phase 240-volt loads. 
Only two transformers are required for an open delta 
system. When a small amount of three-phase current 
and a large amount of single-phase current is required, 
the open delta system should be utilized. 


The advantage of the wye system is that 120 volts 
can be obtained from three-phase conductors of the 
system. The wye system is often used for commercial 
buildings because three hots can be used with one 
neutral. 


DESIGNING AND SIZING 
TRANSFORMERS 


Transformers are sized by the total volt-amps that a 
building requires to supply all loads used. A building 
may be supplied by single-phase or three-phase current, 
depending on the load requirements of the building. 


Wye-connected Secondary System 


The size transformers needed to supply a wye- 
connected secondary system can be determined by 
(1) adding the total single-phase and three-phase 
loads and (2) dividing by '4 (.33). This method will 
size the three transformers if they are separately 
connected. If one transformer enclosure is used to 
house the three windings, the transformer is sized 
from the total volt-amps. 

For example, suppose a building has a total load of 
60,000 volt-amps (VA). What size transformer would 
handle this load? A transformer of 60 kilovolt-amps 
(kVA)or three single transformers of 20kVA each are 
required (Figure 7-15). 


PROBLEM: Whatsize single transformer and multiple 
transformers are required to supply a building witha 
total connected load of 60,000 VA? 


STEP 1:SINGLE TRANSFORMER: 
60,000 VA total connected load 


ANSWER: A transformer of 60 kVA is required. 


STEP 2:MULTIPLE TRANSFORMERS: 
60,000 VA x .33 = 20,000 VA 


ANSWER: Three transformers of 20 kVA each are 
required. 


Figure 7-15. Sizing transformers by the total connected load of 
the building. 


Open Delta-connected 
Secondary System 


The size transformers needed to supply an open delta- 
connected system can be determined by taking 100% 


of the single-phase load and 58% of the three-phase 
load. The size of the mid-tap transformer can be 
found by adding these two loads together. The size of 
the power transformer can be found by taking 58% of 
the three-phase load. The reciprocalof1.732(./ 3 ) 
is 58% (Figure 7-16). 


H3 


LIGHTING 
TRANSFORMER 


POWER — 


TRANSFORMER 


X3 


PROBLEM: A building has a total connected load of 
19 kVA for the single-phase load and 25 kVA for the 
three-phase load. What size lighting transformer is 
required? What size power transformer is required? 


STEP 1:LIGHTING TRANSFORMER 


Total single-phase kVA: 19 kVA 
Total three-phase kVA: 25 kVA x 58% = 
14.5 kVA 


19.0 kVA 
14.5 kVA 


33.5 kVA 


ANSWER: A lighting transformer of 37.5 kVA is 
required. 


STEP 2:POWER TRANSFORMER: 


Total three-phase kVA: 25 kVA x 58% = 
14.5 kVA 


ANSWER: Apowertransformer of 15 kVAis required. 


Figure 7-16. Sizing transformers by the total connected load of 
the building, using an open delta system. 


DESIGNING PRIMARY AND 
SECONDARY CURRENT OF 
TRANSFORMER 


If a feeder is to serve the primary of a transformer to 
step up or step down the voltage the system requires, 
the transformer’s primary amperage rating must be 
equivalent to the amperage of the connected load. 
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Finding Amperage of Transformer 


For single-phase systems ,the amperage can be found 
for the primary or secondary by the following formula: 


volts x amps 


kVA = 
1,000 
kVA x 1,000 
amps- =—_____—__— 
volts 


The ratio of the transformer is determined by 
dividing the primary voltage by the secondary voltage 
as follows: 


primary — 480 


a BON AO) 
secondary 240 


Figure 7-17 illustrates the method of determining a 
transformer’s primary and secondary amperage ratings 
for a single-phase system. 


T POWER SOURCE 

480 V, 1PH OVERCURRENT 

PRIMARY PROTECTION 
30 KVA DEVICE 


TRANSFORMER 


240 V, 1PH 
SECONDARY 


PROBLEM: What are the primary and secondary 
amperage ratings for a 480/240-volt, single-phase, 
30-kVA transformer? 
STEP 1:PRIMARY AMPERAGE: 
amps = kVA x 1,000 
volts 
anjps = Ua OOO 62.5 amps 
480 


ANSWER: The primary amperage is 62.5 amps. 


STEP 2:SECONDARY AMPERAGE: 
amps = kVA x 1,000 
volts 


amps = 30x 1,000 = 125 amps 
240 


ANSWER: The secondary amperage is 125 amps. 


Figure 7-17. Sizing a transformer’s primary and secondary 
amperage ratings for single-phase systems. 
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For three-phase systems, the amperage can be 
found for the primary or secondary by using the same 
formula used for single-phase systems; however, the 
square root of 3 (1.732) must be included in the 
formula as follows: 

volts x 1.732 x amps 

1,000 
_ kVAx 1,000 
volts x 1.732 


kVA = 


amps 


The transfer ratio is determined by dividing the 
primary voltage by the secondary voltage as follows: 


primary —_ 480 


= 2:1 ratio 
secondary 240 


Figure 7-18 illustrates the method of determining a 
transformer’s primary and secondary amperage rating 
for a three-phase system. 


— POWER SOURCE 
480 V, 3PH OVERCURRENT 
PRIMARY PROTECTION 

30 KVA DEVICE 


TRANSFORMER 


240 V, 3PH 
SECONDARY 


PROBLEM: What are the primary and secondary 
amperage ratings for a 480/240-volt, three-phase, 
30-kVA transformer? 

STEP 1:PRIMARY AMPERAGE: 


amps = kVA x 1,000 
volts x 1.732 
amps = 30x 1,000 
480x 1.732 
ANSWER: The primary amperage is 36 amps. 


= 36 amps 


STEP 2:SECONDARY AMPERAGE: 
amps = kVA x 1,000 
volts x 1.732 
amps = 30x 1,000 


——_——_ = 72 amps 
240x 1.732 


ANSWER: The secondary amperage is 72 amps. 


Figure 7-18. Sizing a transformer’s primary and secondary 
amperage ratings for three-phase systems. 


INSTALLING TRANSFORMERS 
— 450 


Article 450 is concerned with transformer installation 
and protection. Transformers may be installed inside 
or outside buildings. 


Designing Setting or Mounting of Dry- 
type Transformers — 450-13 

Transformers must be located to provide easy access 
to qualifed personnel for maintenance and inspection. 
If a ladder must be used to reach the transformer, the 
transformer is not considered to be readily accessible 
(Figure 7-19). 


w. 


CEILING 
HANGERS 
TRANSFORMER HUNG 


FROM CEILING OR 
MOUNTED ON WALL 


AARNE OHBI DEEN ITE ERSATT 
SUSPENDED CEILING 


VIOLATION 


450-13 

Figure 7-19. The general rule without using one of the exceptions 
is that transformers must be readily accessible. 

Exception No. 1. Transformers mounted on the 
wall or hung from ceilings are not considered readily 
accessible by the code because a ladder is needed to 
reach the transformer. However, since the transformer 
is in the open and can be seen, Exception No. 1 to 
450-13 will allow such an installation (Figure 7-20). 


TRANSFORMER HUNG 
FROM CEILING OR 
MOUNTED ON WALL 


CEILING 
OUTSIDE WALL 


SWITCH 


450-13, Ex. 1 


Figure 7-20. Transformers may be hung on the wall or ceiling if 
mounted in the open where visible. 


Exception No. 2. Transformers of 600-volts or 
less and 50-kVA or less may be mounted above sus- 
pended ceilings or fire-resistant hollow spaces of 
buildings not permanently closed in by the structure 


(Figure 7-21). 


EOE ig TB E LF a OR A RR Gag OCT 
E A E EN De tg ca My Be dingy en ie Det eS 


HANGERS 
CEILING 


50 KVA OR LESS 


TRANSFORMER HUNG 
FROM CEILING OR 
MOUNTED ON WALL 


SUSPENDED CEILING 
450-13, Ex. 2 


Figure 7-21. Transformers of 600 volts or less and rated not more 
than 50 kVA are not required to be readily accessible. 


Designing Overcurrent Protection for 
Primary of Transformer — 450-3 


There are two sets of rules to follow in sizing and 
selecting the overcurrent protection device for the 
primary of a transformer. One set of rules applies for 
transformers rated above 600 volts, and the other 
applies for transformers rated at 600 volts or less. 


The secondary overcurrent device can consist of six 
or less OCPD’s grouped in one location. The total of 
multiple OCPD’s shall not exceed the value for a sin- 
gle OCPD. If both CB’s and fuses are used, the total 
shall not exceed that permitted for fuses. If the pri- 
mary is protected at 125% or less of the primary FLC, 
there can be more than six OCPD’s in the secondary. 


Transformers Rated Over 600 Volts — 450- 
3(a)(1). Protection may be provided by a combination 
of overcurrent protection devices on the primary and 
secondary of the transformer. If the fuse is rated by 
the percentages listed in Table 450-3(a)(1) and does not 
correspond to a standard fuse rating, the next higher 
standard rating is permitted by Exception 1. If the cir- 
cuit breaker is rated by the percentages listed in Table 
450-3(a)(1) and does not correspond to a standard cir- 
cuit breaker setting, the next higher trip setting must 
be used (Figure 7-22). 


Transformers Rated Over 600 Volts — 450- 
3(a)(2)b. Protection may be provided either by an 
overcurrent protection device on the transformer’s 
primary or by a combination of overcurrent protection 
devices on the primary and secondary of the trans- 
former. For primary protection only, a fuse rated at 
250% or less of the transformer’s primary full-load 
current must be used, or a circuit breaker rated at 
300% of the transformer’s primary full-load current 
must be used. If the fuse is rated at 250% of the primary 
full-load current and does not correspond to a stan- 
dard fuse rating, the next higher standard rating is 
permitted. If the circuit breaker is rated at 300% of 
the primary full-load current and does not correspond 
to a standard circuit breaker setting, the next higher 
trip setting must be used (Figures 7-23 and 7-24). 


Transformers 161 
If a combination of overcurrent protection devices 


of specified ratings are used on the primary and 
secondary to provide transformer protection, they 


| y 


PRIMARY PROTECTED SOURCE 
AT NO MORE THAN 
125% OF FLC n 

OVERCURRENT 


PROTECTION DEVICE 
(FUSES: 300% TFLC 
CB'S: 600% TFLC) 


TRANSFORMER 
6% OR LESS 
IMPEDANCE 


SECONDARY NOT LIMITED 
TO SIX OCPD’S 


= OVERCURRENT 
PROTECTION DEVICE 
PER TABLE 450-3(a)(1) 
450-3(aX1); Table 450-3(aX1) 


Figure 7-22. Designing protection in the primary and secon- 
dary for transformers rated over 600 volts in non-supervised 
locations. 


POWER SOURCE 
1PH, 4,160 o 
4, OVERCURRENT 
PRIMARY PROTECTION 
120 KVA DEVICE (FUSES) 


TRANSFORMER 


SECONDARY 


450-3(aX2)a 
PROBLEM: What size fuses and CBs are required 
to protect the transformer? 
FUSES 
STEP 1: kVA x 1,000 
volts 


120,000 
4,160 
STEP 2: 450-3(a)(2)a. 
29 amps x 250% = 72 amps 
ANSWER: 80-amp fuses are required. 


= 29 amps 


CBs 
STEP 1: kVA x 1,000 
volts 


120,000 
4,160 
STEP 2: 450-3(a)(2)a. 
29 amps x 300% = 87 amps 
STEP 3: 240-6. 
ANSWER: A 90-amp circuit breaker is required. 


= 29 amps 


Figure 7-23. Determining primary protection for transformers 
over 600 volts in supervised locations. 
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must be selected and sized according to the percen- 
tage ratings of Table 450-3(a)(2)b. The size of the over- 
current protection device depends on the impedance 
of the transformer, whether a circuit breaker or fuse 
is selected. From the rated impedance of the trans- 
former, for the primary side, select a circuit breaker 
or fuse based on the percentage ratings from Columns 
1 or 2 of Table 450-3(a)(2)b. For the secondary pro- 
tection, select a circuit breaker or fuse based on the 
percentage ratings from Columns 3, 4, or 5 of Table 
450-3(a)(2)b. An individual overcurrent protection de- 
vice on the primary side is not required if protection 
according to Table 450-3(a){2)b is placed in the feeder 
circuit, or if the transformer has coordinated thermal 
overload protection furnished by the manufacturer 
(Figures 7-24, 7-25, and 7-26). 

Combination protection in a transformer’s primary 
and secondary must be sized from Table 450-3(a)(2)b 
for primary voltage over 600 volts. The secondary must 
be equipped with coordinated thermal overload pro- 
tection or have an overcurrent protection device sized 
from 450-3(a)(2)b and Table 450-3(a)(2)b on the 
secondary. 

Section 230-207 and 240-3(i) are the only parts of 
the NEC that consider the primary overcurrent pro- 
tection devices to protect the secondary conductors 
with no limitation of length and with no protection 
applied to the secondary side. Section 240-3(i) per- 
mits the primary to protect the secondary conduc- 
tors if the primary overcurrent protection device is 
set or rated at not more than 125% of the trans- 
former (Figure 7-27). 

Section 230-207 permits the overcurrent protection 
device to be omitted for vaults having the primary 
load -interrupter switch manually operable from out- 
side the vault. There can be only one set of secondary 
conductors connected to a common bus. If there are 
two or more sets of secondary conductors, the over- 
current protection device must be placed in the 
secondary side of the transformer. 


Transformers Rated at 600 V or Less—450- 
3(b)(1). Section 240-3(i) allows the primary 
protection device to protect the secondary of 
the transformer only when the transformer is two- 
wire-to-two-wire. For this rule to be applied, the 
primary overcurrent device must be set at no more 
than 125% of the fullload current of the transformer’s 
primary. Overcurrent protection may be provided on 
the primary side only according to 450-3(b)(1). 


| POWER yy. 


PRIMARY OVER 125% SOURCE 
OF FLC BUT DOES AG 

CEED 250% 
iia S OVERCURRENT 
PROTECTION DEVICE 
[TABLE 450-3(a)(2)b] 


TRANSFORMER 
SECONDARY 


UP TO SIX OCPD'S 
BUT CANNOT EXCEED 
SINGLE OCPD 


OVERCURRENT PROTECTION DEVICE (NOT REQUIRED 
IF TRANSFORMER HAS COORDINATED 

THERMAL OVERLOAD PROTECTION) 

[TABLE 450-3(a)(2)b] 


ma 


450-3(aX2)b; Table 450-3(aX2)b 


Figure 7-24. Designing combination protection for the primary 
and secondary of transformers rated over 600 volts in supervised 
locations 


POWER SOURCE 


3PH, 13.5 kV 


VERCURRENT 
PRIMARY pests 


PROTECTION 
DEVICE (CB) 
750 kVA 

TRANSFORMER 

(2.3% IMPEDANCE) 


3PH, 480 V 
SECONDARY 


SEE TABLE 450-3(a)(1) 
FOR UNSUPERVISED LOCATION 


450-3(a)(1) 

Table 450-3(a)(1) 
PROBLEM: What size CB is required to protect the 
transformer’s primary? What size fuses is required 
to protect the transformer’s secondary? 


PRIMARY 


STEP 1: A kVA 


VSG is 
750 x 1000 = 32A 
13,500 V x 1.732 


STEP 2: Table 450-3(a)(1). 
32A x 6 = 192A 


ANSWER: primary = 200-A CB 


SECONDARY 
STEP 1: A 


kVA 
VEXI 
A= 750 x 1000 = 903 A 
480 V x 1.732 


STEP 2: Table 450-3(a)(1). 
903 A x 125% = 1128 A 


ANSWER: secondary = 1200-A fuses 


Figure 7-25. Determining primary and secondary protection 
for transformers rated over 600 V in unsupervised locations. 


If the overcurrent protection device is placed on 
the primary side and sized at no more than 125% of 
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POWER SOURCE 


the transformer’s full-load rated current, the feeder 
conductors may be run any distance to be connected 


to the transformer terminals (Figure 7-28). 


eu POWER SOURCE 
3PH, 4,160 V OVERCURRENT 
PRIMARY PROTECTION 


225 KVA DEVICE (FUSES) 


TRANSFORMER 
(2.3% IMPEDANCE) 


3PH, 480 V 
SECONDARY 


OVERCURRENT PROTECTION DEVICE 
(CIRCUIT BREAKER) 


SEE TABLE 450-3(a)(2)b 
FOR SUPERVISED LOCATIONS. 


450-3(aX2)b; Table 450-3(aX2)b 


PROBLEM: What size fuses are required to protect 
the transformer’s primary? What size circuit breaker 
is required to protect the transformer’s secondary? 


STEP 1:PRIMARY: 
kVA x 1,000 
volts x V3 


225 000M = si anine 
4,160 x 1.732 


STEP 2: Table 450-3(a)(2)b, Column 2. 
31 amps x 300% = 93 amps 

STEP 3: 240-6. 

ANSWER: 90-amp fuses are required. 


STEP 4:SECONDARY: 
KVA x 1,000 
volts x V3 


225,000 = 271 amps 
480 x 1.732 
STEP 5: Table 450-3(a)(2)b, Column 5. 
271 amps x 250% = 677 amps 
STEP 6: 240-6. 
ANSWER: A 600-amp circuit breaker is required. 


Figure 7-26. Determining primary and secondary protection for 


transformers rated over 600 volts in supervised locations. 


OVERCURRENT 


PRIMARY eS 
PROTECTION 


TRANSFORMER DEVICE 
(RATING MUST NOT 


EXCEED 125% OF TFLC) 


SECONDARY 
FOR 2W - TO - 2W HOOKUP, SECONDARY 
PROTECTION IS NOT REQUIRED 


450-3(b)(1) 
240-3(i) 


Figure 7-27. A primary overcurrent protection device set at no 
more than 125% of the transformer’s full-load current will protect 
the secondary for a two-wire-to—-two-wire hookup. 


ee POWER SOURCE 
240 V, 2W OVERCURRENT 
PRIMARY PROTECTION 


DEVICE 
Pe Nooo (RATING MUST NOT 


EXCEED 125% OF TFLC) 


120 V, 2W 
SECONDARY 


“\— overcurrent PROTECTION DEVICE 
(NOT REQUIRED !F PRIMARY OVERCURRENT 
PROTECTION DEVICE'S RATING DOES NOT 
EXCEED 125% OF TFLC) 


240-3(i) 
450-3(b)(1) 


PROBLEM: What size overcurrent protection device 
is required in the primary? 


STEP 1:amps = Tai 


10,000 voit-amps 
240 volts 


STEP 2: 450-3(b)(1). 
42 amps x 125% = 52.5 amps 
STEP 3:240-6. 


ANSWER: A 60-amp fuse or circuit breaker is 
required. 


= 42 amps 


Figure 7-28. An overcurrent protection device placed in the 
primary of a transformer rated at 600 volts or less. 
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Combination protection on both the primary and 
secondary sides may be provided according to 450-3 
(b)(2). If for any reason 125% of the primary full-load 
current is not sufficient, a value of not more than 
250% of the rated primary current may be used, 
provided overcurrent protection is installed on the 
secondary at 125% of the secondary full-load current 
(Figure 7-29). 


ee POWER SOURCE 
240 V, 2W OVERCURRENT 
PRIMARY PROTECTION 

10 KVA DEVICE 


TRANSFORMER (RATING MUST NOT 
EXCEED 250% OF TFLC) 


120 V, 2W 
SECONDARY CAN'T 
HAVE OVER SIX 
OCPD'S 


OVERCURRENT PROTECTION DEVICE 
(RATING MUST NOT EXCEED 125% OF TFLC) 


450-3(b)(2) 


PROBLEM: What size primary and secondary over- 
current protection devices are required for the 
transformer? 


STEP 1:PRIMARY: 
kVA 


amps = 
volts 


10,000 volt-amps 
240 volts 
STEP 2: 450-3(b)(2). 
42 amps x 250% = 105 amps 
STEP 3: 240-6. 


ANSWER: 100-amp overcurrent protection devices 
are required. 


= 42 amps 


STEP 4:SECONDARY: 


kVA 
volts 


10,000 volt-amps 
120 volts 


STEP 5: 450-3(b)(2), Exception. 
83 amps x 125% = 104 amps 
STEP 6: 240-6. 


ANSWER: 110-amp overcurrent protection devices 
are required. 


amps = 


= 83 amps 


When the primary current of a transformer is 9 
amps or more and 125% of this current does not 
correspond to a standard rated fuse or circuit breaker, 
the next size may be used. If the amperage rating is 
less than 9 amps but more than 2 amps, 167% of the 
primary current rating may be used. When the 
amperage rating is less than 2 amps, 300% of the 
primary current rating may be used. In each case, 
respectively, 167% or 300% of the rated primary full- 
load current must not be exceeded. 

For transformers that are two-wire-to-three -wire 
or three-wire-to-four-wire, the primary protection 
shall not protect the secondary. The overcurrent 
protection must always be provided on the secondary 
side of transformers as required by 240-3(i). 


For transformers with a primary full-load current 
rating of 9 amps or more, the overcurrent protection 
device must not be rated or set at more than 125% of 
the primary full-load current rating (Figure 7-30). 

The next higher standard rated overcurrent pro- 
tection device may be used when 125% of the primary 
current rating does not correspond to a standard 
rated device from 240-6. 


POWER SOURCE 

1PH, 240 V one 

PRIMARY OVERCURRENT 

(RATED AT PROTECTION 
DEVICE 


9 A OR MORE) 
(RATING MUST NOT 
EXCEED 125% OF TFLC) 


10 KVA TRANSFORMER 


120 V SECONDARY CAN 
HAVE OVER SIX OCPD’S 


450-3(b\1), Ex. 1 


PROBLEM: What size overcurrent protection device 
is required in the primary? 


kVA 
STEP 1:amps = Pic 
10,000 volt-amps 
240 volts 
STEP 2:450-3(b)(1), Exception No. 1. 
42 amps x 125% = 52.5 amps 
STEP 3: 240-6. 


ANSWER: A 60-amp overcurrent protection device 
(fuse or circuit breaker) is required. 


= 42 amps 


Figure 7-29. Overcurrent protection devices placed in the 
primary and secondary of a transformer rated at over 600 volts 


Figure 7-30. When protecting the primary side of a transformer 
or less. 


rated at 9 amps or more, the next higher size device may be used. 


For transformers with a primary full-load current 
rating of 2 amps, but not more than 9 amps, the 
overcurrent protection device may be set or rated at 
167% of the primary full-load current rating. The 
next lower standard rated overcurrent protection 
device must be used when 167% times the primary 
current rating does not correspond to a standard 
rated device from 240-6. Apply the exception for 
fuses smaller than 15 amps, and use the method 
shown in Figure 7-31. 


wae POWER SOURCE 
1PH, 240 V OVERCURRENT 
PRIMARY PROTECTION 
(RATED 2 A BUT DEVICE 


LESS THAN 9 A) (RATING MUST NOT 
EXCEED 167% OF TFLC) 


1,000 VA TRANSFORMER 


450-3(b)(1), Ex. 1 


PROBLEM: What size overcurrent protection device 
is required in the primary? 
kVA 


STEP 1:amps = —— 
volts 


1,000 VA 
240v 


=4amps 


STEP 2: 450-3(b)(1), Exception No. 1. 
4amps x 167% = 6.68 amps 
STEP 3:240-6, Exception 


ANSWER: A 6-amp overcurrent protection device 
(fuse) is required. 


Figure 7-31. When protecting the primary side of a trans- 
former rated at 2 but less than 9 amps, the next lower size device 
must be used. 


For transformers with a primary full-load current 
rating of less than 2 amps, the overcurrent protection 
device may be set orrated at 300% of the primary full- 
load current rating. The next lower standard rated 
overcurrent protection device must be used when 
300% times the primary current rating does not 
correspond to a standard rated device from 240-6. 
Apply the exception for fuses smaller than 15 amps, 
and use the method shown in Figure 7-32. 
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“On POWER SOURCE 
1PH, 480 V OVERCURRENT 
PRIMARY PROTECTION 
(RATED AT DEVICE 


LESS THAN 2 A) (RATING MUST NOT 
EXCEED 300% OF TFLC) 


400 VA TRANSFORMER 
450-3(b)(1), Ex. 1 


PROBLEM: What size overcurrent protection device 
is required in the primary? 
kVA 


STEP 1:amps = 
volts 


400 VA 
480v 


= .83 amps 


STEP 2:450-3(b)(1), Exception No. 1. 
.83 amps x 300% = 2.49 amps. 
STEP 3: 240-6, Exception. 


ANSWER: A 1-amp overcurrent protection device (fuse) 
is required. 


NOTE: For control circuit see 430-72(c), Ex. 2. 


Figure 7-32. When protecting the primary side of a transformer 
rated at less than 2 amps, the next lower size device must be used. 


A transformer may have two-wire supplied primary 
with a three-wire feeder tap per 240-21(b)(j). A 10° or 
25’ four-wire tap may be taken from the secondary of 
a transformer with the primary supplied by a three- 
wire feeder circuit. 


Designing Secondary Feeder Taps — 
240-21(b)(d)(j) 


For designing transformer circuits, the rules of 450-3 
shall be used along with those of 240-21(j). Sections 
240-21(b)(d)G) provide special rules for tap conduc- 
tors used in conjunction with transformers. 


240-21(b). A 10’ tap may be made from the sec- 
ondary of a transformer in the same way a feeder 
is tapped. The tap conductors must not extend more 
than 10’. Their ampacity must not be less than the 
amperage rating of the switchboard, panelboard, 
motor control center, etc. The tap conductors may 
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terminate in a main set of single fuses or circuit 
breaker rated at not more than the ampacity of the 
tap conductors. The rules for a 10’ tap are: 

1. Smaller conductors must have a current rating 
not less than the combined computed loads of the 
circuits supplied by the tap conductors. Their ampacity 
must not be less than the rating of the overcurrent 
protection device that might be installed at the ter- 
mination of the tap conductors. 

2. The tap must not extend beyond the switch- 
board, panelboard, or control device which it supplies. 

3. Tap conductors must be enclosed in conduit, 
EMT, metal gutter, or other approved raceway when 
not a part of the switch or panelboard. 

When the 10’ tap rule is used to connect the 
secondary of a transformer to a power panel, the 
tapped conductors may terminate to the lugs of the 
bus or be connected to a main overcurrent protection 
device in the panel. 

If the panel is classified as a power panel, the main 
overcurrent protection device is not required. If the 
panel is classified as a lighting and appliance panel, 
the main overcurrent protection device is always 
required, regardless of tap length. 

Sections 384-14 and 384-15 are used to determine 
panel classification. If more than 10% of the over- 
current protection devices are rated at 30 amps or 
less, and the panel has a solid grounded neutral 
connection, the panel is classified as a lighting and 
appliance branch-circuit panelboard. The neutral 
connected loads could be any combination of 30- 
amp, 20-amp, or 15-amp devices (Figure 7-33). 

For the purpose of classifying a power or lighting 
and appliance panelboard, a single circuit breaker 


POWER SOURCE 
OVERCURRENT 


PROTECTION 
DEVICE 


TRANSFORMER 


10’ TAP PER 
a 240-21(b) 


counts as one, atwo-pole circuit breaker as two,anda 
three-pole circuit breaker as three circuit breakers. 
The main does not apply toward this count. 


240-21(d). A smaller conductor may be tapped to a 
larger conductor. An overcurrent protection device is 
not required at the point of tap, provided the follow- 
ing rules are met (Figure 7-34). 


1. Tap conductor ampacity must be at least one- 
third that of the feeder being tapped. 

2. Secondary conductor ampacity must be at least 
one-third that of the feeder, based on the primary-to- 
secondary voltage ratio. 


110 A FEEDER 


PRIMARY TAP (40 A) 


ix 110A =37A 


480/277 V 
TRANSFORMER 


SECONDARY TAP (95 A) 


480., 1 a 
340 * z * 110=73A 


25 
MAXIMUM 


110A 


PANEL 
(0a Fuses OCPD 


OR CB'S) 


MAIN 
SERVICE PANEL 


(ALL WIRE IS TW COPPER) 


240-21(d) 


Figure 7-34. Transformer feeder taps with primary plus secondary 
not over 25’ in length. 


PROBLEM: Is a main overcurrent protection device 
required in this panel? The panel has six single-pole 
circuit breakers rated 30 amps or less and neutral- 
connected loads. 
STEP 1:384-14. 

42 circuit breakers x 10% = 4.2 poles. 


(Four circuit breakers with neutral-connected 
loads are permitted.) 


STEP 2: 384-14 and 384-15. 


The panel is classified as a lighting and 
appliance panel. 


ANSWER: A main overcurrent protection device is 
required. 


240-21(b) 


Figure 7-33. Classifying a panel as a power panel or a lighting and appliance panel. 


3. Total length of the tap (primary plus secondary) 
must not be over 25’. 

4. All conductors must be protected from physical 
damage. 

5. Secondary conductors must terminate in amain 
(single set of fuses or circuit breaker), sized to protect 
the secondary. 


Exception No. 11. In industrial locations, taps up 
to 25’ in length can be made from the secondary side 
of transformers which are classified as separately de- 
rived systems (Figure 7-35). The following conditions 
must be met: 
1. Secondary taps must not exceed 25’ in length. 
2. Ampacity of tapped conductors must be 
equivalent to the transformer’s output, and the over- 
current protection devices must not exceed output. 
3. Overcurrent protection devices must be grouped. 
4. Tapped conductors must be protected from 
physical damage. 


POWER SOURCE 


TRANSFORMER 
PRIMARY 
OVERCURRENT 
PROTECTION 
UU DEVICE 
25" SECONDARY TAPPED 
MAXIMUM CONDUCTORS SHALL 
EQUAL TRANSFORMER 
| OUTPUT 
BUT BREE eee SECONDARY OVERCURRENT 
Laue eee PROTECTION DEVICE MUST 
NOT EXCEED OUTPUT 
OF TRANSFORMER 
240-21(j) 


Figure 7-35. Taps of 25’ may be made from a transformer’s 
secondary. 


Diagrams of Primary Overcurrent 
Protection for Transformers 


Overcurrent protection devices may be in- 
stalled in the primary or secondary of a trans- 
former. See 240-3(i), 240-21(b)(d)(j), and 
384-16(a). For rapid and easy installation of over- 
current protection devices, follow the diagrams in 
Figure 7-36. Note that ratings are given for the over- 
current protection devices. Also, each panel is classified 
as a power panel or lighting and appliance panel. 


1 


a 


10’ MAX. 


TAP NOT 
OVER 10° 


B 


POWER PANEL 
NO MAIN REQUIRED 
240-21(b) 


Transformers 167 


LIGHTING PANEL 
MAIN REQUIRED 
384-16(a) 


240-21(b) 


250% < 25% 


BS 


25’ MAX. 25’ MAX. 


TAPS NOT 
“> OOVER 25’ 


LK 


LIGHTING PANEL 
MAIN REQUIRED 


POWER PANEL 
MAIN REQUIRED 


240-21(j) 240-21(j) 
450-3(b)(2) 384-16(a) 
450-3(b)(2) 
125% 125% 


25’ MAX. 


TAPS NOT 
OVER 25’ 


LIGHTING PANEL 
MAIN REQUIRED 
240-21(j) 
384-16(a) 


125% 
2W PRIMARY 
2W SECONDARY 
(120 V) 


POWER OR LIGHTING PANEL 
NO MAIN REQUIRED 
240-3(i) 


aE 


POWER PANEL 
MAIN REQUIRED 
240-21(j) 


E~ 


J-BOX TAPS NOT 
OVER 10’ 


ate 


TWO LIGHTING PANELS 
MAIN REQUIRED IN EACH 
384-16(a) 

240-21(b) 


NOTE: 
125% MEANS NOT MORE THAN 125%. 
250% MEANS MORE THAN 125% AND NOT OVER 250%. 
COORDINATED THERMAL PROTECTION BY TRANSFORMER 
MANUFACTURER. SEE SECTION 450-3(b)(2). 


Figure 7-36. The overcurrent protection device can be installed 
either in the primary or secondary of the transformer. 
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Grounding Autotransformers — 450-5 


Autotransformers are single-winding transformers 
with the single winding common to the primary and 
secondary circuits. By connecting the primary across 
the full winding and tapping the secondary across 
part of the winding, the voltage can be reduced. The 
circuit to the primary is connected across part of the 
winding, and the circuit to the secondary is connected 
across the entire winding to boost the voltage (Figure 
7-37). NOTE: See 210-9. 


PART OF WINDING 
USED AS PRIMARY 


ENTIRE WINDING 
USED AS PRIMARY 


ENTIRE WINDING 
USED AS SECONDARY 


PART OF WINDING 
USED AS SECONDARY 


STEPPING UP 
VOLTAGE 


STEPPING DOWN 
VOLTAGE 


Figure 7-37. Using autotransformers to step up or step down 
voltage. 


Autotransformers are used to derive a three-phase, 
four-wire, grounded distribution system from a three- 
phase, three-wire, ungrounded distribution system. 
This may be done by connecting three autotrans- 
formers in a star (wye) configuration to the three- 
phase ungrounded system. 

Many electrical systems in use today are not 
grounded. Grounding autotransformers may be used 
to derive a neutral when it is necessary to ground 
existing ungrounded delta systems. The type generally 
installed for this purpose is the three-phase zigzag 
transformer (Figure 7-38). 


Transforming Three-wire Circuit to Three- 
phase, Four-wire Circuit — 450-5(a). When auto- 
transformers are connected to derive a neutral to 
ground an ungrounded system, the following rules 
apply: 

1. Connections: Transformers must be connected 
directly to the ungrounded system with no switches 
or overcurrent protection devices between the con- 
nection and the autotransformer. 

2. Overcurrent protection: Overcurrent protection 
sensing devices must be provided to trip at 125% of 
the rated current in the phase wire or neutral con- 


ductor. If the input current is 9 amps or more, com- 
puted at 125%, the next higher rating may be used. 
Input current of 2 amps or less must not exceed 
167%. 

3. Transformer fault sensing: Internal faults or 
single-phasing of the transformer must be provided 
with a sensing system. 

4. Rating: Autotransformers must have a continuous 
neutral rating sufficient to handle the specified 
ground-fault current. 


Detecting Grounds on Three-phase, Three- 
wire Systems — 450-5(b\(2). When autotrans- 
formers are used to detect grounds on three-phase, 
three-wire systems, the following rules apply: 

1. Transformers are wye-connected to the three- 
phase, three-wire system. The common point of the 
wye connection is grounded (Figure 7-39). 
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OVERCURRENT DEVICES 
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PROTECTION DEVICE \ 


CONNECTED TO METAL 
ENCLOSURES AND 
METAL CONDUIT 


450-5 


Figure 7-38. Using zigzag transformers to convert ungrounded 
systems to grounded systems. 


2. Rating: Autotransformers must have a con- 
tinuous neutral current rating sufficient to handle the 
maximum ground-fault current that it may have to 
carry. 

3. Overcurrent protection: The overcurrent pro- 
tection device must be set to trip at not more than 
125% of the rated phase current of the transformer. If 
the overcurrent protection device is connected in the 
autotransformer’s neutral connection, 42% of the 
device’s rating may be used (Figure 7-40). 
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PROTECTION DEVICE 
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Figure 7-39. Using autotransformers to sense internal faults or 
single phasing on three-wire, three-phase ungrounded delta 
systems. 
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Figure 7-40. Using autotransformers to detect grounds on a 
three-wire, three-phase system. 
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Secondary Ties — 450-6 


A secondary tie is a circuit of not over 600 volts 
between phases that connects sources of power or 
power supply points, such as two transformer 
secondaries. The tie may consist of one or more con- 
ductors per phase. In a network distribution system 
for industrial plants, three-phase banks of trans- 
formers are installed at various locations in the plant 
with two high-tension primary feeder circuits supplying 
the transformers. At each transformer bank a double- 
throw switch is used to supply either primary feeder 
circuit to any bank of transformers. Secondary voltage 
must be 600volts or less, and the primary conductors 
must be sized with enough capacity that either circuit 
can carry the total load should a fault occur in one of 
the circuit feeders. 

Overcurrent protection must be provided for 
secondary ties at both ends. Fuses may provide this 
protection if they comply to the current-carrying 
ampacity of the conductors. See 450-6(a). 

Limiters are generally used to protect the ties at 
both ends. See 450-6(a)(1). Limiters protect against 
short circuit but not against overloads. When pro- 
tection is provided by limiters, the following rules 
apply: 

1. Ampacity of the tie must not be less than 67% of 
the rated secondary current of the largest transformer 
connected to the tie. All loads are at the transformer 
supply points (Figure 7-41). 

2. Ampacity of the tie must not be less than 100% 
of the rated secondary current of the largest trans- 
former connected to the secondary tie. All loads are 
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Figure 7-41. Loads are connected at transformer supply points 
only. The tie ampacity rating must be 67% of the secondary current 
of the largest transformer. 
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connected between the transformer supply points 
(Figure 7-42). 

The secondary conductors between the transformer 
and the load must have a circuit breaker to protect the 
transformer. The circuit breaker may be set up to 
250% of the transformer secondary full-load current 
rating. A reverse-current relay must be installed to 
open the circuit in case the transformer should lose 
power for any reason. If the voltage is over 150 volts 
to ground, a disconnecting switch is required at each 
end (Figure 7-43). 
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Figure 7-42. Loads are connected between transformer supply 
points. The tie ampacity rating must be 100% of the secondary 
current of the largest transformer. 
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Figure 7-43. Designing and sizing the overcurrent protection 
devices for the secondary connections. 


Corresponding phase conductors must be joined 
together at the tap points. However, the exception to 
450-6(a)(4) permits loads to be connected to individual 
conductors and to be without limiters where the total 
ampacity of the ties is at least 133% of the secondary 
rated current of the largest transformer. The total 
load of the taps must not exceed this value. (Figure 
7-44). 
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Figure 7-44. The total load of taps must not exceed 133% of the 
secondary rated current of the largest transformer. 


Parallel Operation — 450-7 


All transformers connected in parallel must have 
similar characteristics, such as voltage regulation, 
impedance rating, and so forth. A single switch may 
serve all the transformers, provided each transformer 
has overcurrent protection that is properly sized 
(Figure 7-45). 
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Figure 7-45. Transformers connected in parallel must have the 
same characteristics. 


Guarding — 450-8 


To prevent accidental contact with live parts that 
could damage the parts, the transformers should be 
isolated in a room or accessible only to qualifed 
personnel. Transformers may also be elevated to 
safeguard live parts from possible damage. Sections 
110-17(a)(4) and 110-34(e) specify the following as 
acceptable means of safeguarding: 

1. Transformers located in a room or place acces- 
sible to qualified persons only. 

2. Permanent partitions or screens may be used. 

3. Transformers elevated at least 8’ above the 
floor to prevent unauthorized contact. 


Ventilation — 450-9 


Transformers must be located and installed so that 
sufficient cool air is available to prevent overheating. 
They should never be located in rooms or areas 
subjected to exceedingly high temperatures. 


Grounding — 450-10 


Transformer cases must be grounded per the pro- 
visions of 250-42. Fences or guards around trans- 
formers are also required to be grounded (Figure 
7-46). 
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Figure 7-46. Transformer case, fences, and guards must be 
grounded. 


Dry-type Transformer Installed indoors 
— 450-21 
Dry-type transformers installed indoors must meet 
the following conditions (Figure 7-47). 

1. Dry-type transformers rated at 112.5 kVA or 
less must have a fire-resistant, heat-insulating barrier 
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between transformers and combustible material. If 
no barrier is used, and the voltage is over 600 volts,a 
12” minimum separation from combustible material 
is required. 

2. Dry-type transformers are not required to have 
a 12” minimum separation or barrier if they are 
completely enclosed except for ventilation openings 
and if they are rated 112'4 kVA or less and operate at 
600 volts or less. 

3. Dry-type transformers that have Class B or 
Class H insulation and are rated more than 112'/ 
kVA must have a fire-resistant, heat-insulating barrier 
between transformers and combustible material. 
Without a barrier, a 6’ horizontal and 12’ vertical 
separation from combustible material is required. 

4. Dry-type transformers that have other than 
Class B or Class H insulation and are rated at more 
than 112!/, KVA must be installed in a fire-resistant 
transformer room. See Exception 2 to 450-21(b). 

5. Dry-type transformers rated over 35,000 volts 
must be installed in a vault. 


Dry-type Transformer Installed 
Outdoors — 450-22 


All dry-type transformers installed outdoors must 
have weatherproof enclosures. Transformers over 
112’, kVA must not be located within 12” of any com- 
bustible material. See exception to 450-22. 


Less-flammable Liquid-insulated 
Transformer — 450-23 


Transformers insulated with a high fire point liquid 
may be installed indoors if rated at 35,000 volts or 
less. Transformers installed indoors with higher 
voltages must be installed in a vault. If they are not 
installed in a vault, an automatic fire-extinguishing 
system must be utilized. The minimum temperature 
(or fire point) at which the liquid will ignite is 300° C 
or 572° F. The transformers must be installed only in 
noncombustible areas of noncombustible buildings. 
The minimum clearance required by the heat release 
rates of the listed liquid must be maintained, and a 
liquid confinement area must be provided in case of 
leaking (Figure 7-48). 


Nonflammable Fluid-insulated 
Transformer — 450-24 


Transformers insulated with a nonflammable dielec- 
tric fluid that does not have a flash point and is not 
flammable in the air may be installed indoors or out- 
doors in any location. Transformers over 35,000 volts 
installed indoors must be located in a vault. 
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Figure 7-47. Installing dry-type transformers indoors. 


AUTOMATIC FIRE-EXTINGUISHING 
SYSTEM 


pas S FES 
LESS-FLAMMABLE LIQUID- 


INSULATED TRANSFORMER 


e 


/— COMBUSTIBLE 
MATERIALS 


CONTAINMENT AREA 
FOR LIQUID 


450-23 


Figure 7-48. Requirements for installing less-flammable liquid- 
insulated transformers near combustible materials. 


Askarel-insulated Transformer 
Installed Indoors — 450-25 


Askarel is a liquid that will not burn. Nonexplosive 
gases are produced by the arcing in Askarel, so 
Askarel-insulated transformers over 25kVA must be 
furnished with a pressure-relief vent to release the 
pressure built up by these gases. If a room is well- 
ventilated, the vent may discharge directly to the 
room. In a poorly ventilated room, a means for ab- 
sorbing gases generated by arcing inside the case 
must be provided. A vent piped to a flue or chimney to 
carry the gases out of the room would comply. Askarel- 
insulated transformers operating at more than 35,000- 
volts must be installed in a vault (Figure 7-49). 
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Figure 7-49. Requirements for installing Askarel-insulated 
transformers indoors. 
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Oil-insulated Transformer Installed 
Indoors — 450-26 


Generally, oil-insulated transformers must be in a 
vault when installed indoors according to the pro- 
visions of Article 450, Part C. (Figure 7-50). The 
exceptions to the rule are: 

1. Ifthe total capacity does not exceed 1124 kVA, 
one or more units may be installed in a vault con- 
structed of reinforced concrete not less than 4” 
thick. 
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Figure 7-50. Requirements for installing oil-insulated trans- 
formers indoors. 


2. Oil-nsulated transformers installed in detached 
buildings used only for providing electric service and 
accessible only to qualified persons do not require a 
vault. NOTE: Precautions must be taken to prevent a 
fire hazard from being created by this type of insulation. 

3. Electric furnace transformers rated 75 kVA or 
less may be located in a fire-resistant room if pro- 
visions are made to prevent an oil fire from spreading 
to other combustible material. 

4. When provisions are made to prevent an oil fire 
from spreading to other materials, oil-insulated trans- 
formers of 600 volts or less may be installed without a 
code-constructed unit. The total kVA of the trans- 
formers allowed in a room or section of a building is 
limited to 10 kVA for nonfire-resistant buildings and 
75 kVA for fire-resistant buildings. 


Oil-insulated Transformer Installed 
Outdoors — 450-27 


Oil-insulated transformers installed on or adjacent to 
buildings with combustible material must provide a 
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means of protecting the building from fire hazards 
that could be caused by leaking oil. Fire-resistant 
barriers, water spray systems, and approved enclo- 
sures are considered approved safeguards for oil- 
insulated transformers (Figure 7-51). 
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Figure 7-51. Requirements for installing oil-insulated trans- 
formers outdoors. 


Location of Transformer Vaults — 
450-41 


To permit ventilation directly to the outside without 
the use of ducts or flues, transformer vaults must be 
located near an outside wall of the building. 


Walls, Roofs, and Floor — 450-42 


The walls, roof, and floor must be of fire-resistant 
material (such as concrete, brick, or tile blocks) that 
will withstand and contain a fire for at least three 
hours. A minimum of 6” of concrete is required for 
the walls and roof. A 4” thickness is required for a 
slab floor (Figure 7-52). Studs and wallboard construc- 
tion are not acceptable as a supporting floor for a 
vacant room below a transformer vault. 


Doorways — 450-43 


The National Fire Protection Association requires 
that the door to a transformer vault be built to certain 
specifications. A 4” high door sill must be provided to 
prevent any oil from spreading to other areas. The 
door must have a minimum fire rating of three hours. 
It must be locked at all times to prevent access of 
unqualified persons. Doors for personnel shall swing 
out and be provided with panic bars, pressure plates, 
or devices that latch, but open by simple pressure. 


Ventilation Openings — 450-45 


Ventilation openings directly to the outside without 
ducts or flues must have an area of at least 3sq.in.for 
each kVA of transformer capacity. The ventilation 
opening must be at least 1 sq.ft. in area. A screen or 
grating (with an automatic closing damper rated for at 
least one and one-half hours) must be provided for 
the ventilation opening. One or more openings are 
permitted; however, if a single opening is used, it 
must not be installed near the floor. A single venti- 
lation opening must be installed near the roof of the 
vault (Figure 7-53). 
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Figure 7-52. Requirements for walls, roof, and floor in designing 
transformer vaults. 
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Figure 7-53. Requirements for ventilation openings in trans- 
former vaults. 


Water Pipes and Accessories — 450- 
47 


Valves or other fittings of foreign piping or duct 
systems are not permitted in or allowed to pass 
through a vault. The only piping permitted in the 
vault is for fire protection or transformer cooling 


(Figure 7-54). 
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Figure 7-54. Foreign piping and duct systems are not permitted 
in transformer vaults. 
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Storage in Vaults — 450-48 


Transformer vaults are specifically designed to meet 
building code requirements. These vaults must be 
used only for their intended purpose. Materials of 
any nature may not be located or stored in trans- 
former vaults. Only transformer equipment is per- 


mitted to be located in a transformer vault (Figure 
7-55). 


MATERIAL IN 
STORAGE 


Figure 7-55. Transformer vaults cannot be used for storage 
materials. 
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CHAPTER 7: TRANSFORMERS 


Date 


Circle T (true) or F (false) for each statement. Enter the NEC section number that supports your answer in the 


space provided. 
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Transformers and transformer vaults shall not be readily accessible to qualified 
personnel for inspection and maintenance. 


For primary full-load rated current not exceeding 2 amps, an overcurrent pro- 
tection device rated or set at not more than 300% is permitted at 600 volts or 
less. 

A fuse’s continuous full-load current rating must not exceed 300% of the primary 
rated current when used to protect the primary of a transformer over 600 volts 
in a Supervised area. 

If a circuit breaker is used to protect the primary of a transformer rated at over 
600 volts, the circuit breaker must not exceed 300% of the transformers full- 
load rated current. 


An autotransformer is not required to have a continuous per phase rating and 
neutral current rating. 


A grounding autotransformer may be used to create a three-phase, four-wire 
distribution system from a three-phase, three-wire ungrounded system. 


When secondary ties are made, the tie circuits are not required to have over- 
current protection (general rule). 


Transformers must be located near the outside wall of a vault to prevent venting 
with ducts or flues where practical. 


Transformers of over 35,000 volts are not required to be installed in vaults. 


The exposed noncurrent-carrying metal parts of transformers must be 
grounded. 


The secondary OCPD can consist of not more than six CB’s or fuses grouped 
in one location. (Primary fused at 250% of FLC.) 


Each transformer must be provided with a nameplate giving the name of the 
manufacturer, the impedance, voltage, frequency, etc. 


Transformers rated at 600 volts or less may have the overcurrent protection 
device protecting the primary set or rated at 150% of the primary’s full-load 
current rating. 

Doorways leading into a vault must have a minimum fire rating of three hours. 


Foreign duct systems may pass through transformer vaults. 


The floor of a transformer vault must be provided with a drain where practical 
that will carry an accumulation of oil or water. 


Dry-type transformers over 35,000 volts must be installed in a vault. 


Dry-type transformers exceeding 112% kVA can be located within 10” of com- 
bustible materials of buildings. 
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Design Problems 


Enter the answer(s) to each question and the NEC section number(s) that supports your answer(s) in the space 


provided. 
Section Answer 
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What size overcurrent protection device is required to pro- 
tect the primary of a three-phase, 60-kVA, 480-volt trans- 
former? 


What size overcurrent protection device is required to protect 
the secondary of a three-phase, 75-kVA, 208-volt transformer 
supplying a 150-amp continuous load? (Size protection from 
the load.) 


What size overcurrent protection device is required to pro- 
tect the primary of a three-phase, 600-kVA, 4,160-volt trans- 
former (using fuses)? 


If combination overcurrent protection is used in a supervised 
location to protect a three-phase, 1,000-kVA, 6% impedance 
transformer with a 7,200-volt primary and 2,400-volt secondary, 
what size fuses are required in the primary and secondary 
(supervised locations)? 


What size transformers are required to supply a single-phase 
load of 21 kVA and a three-phase load of 30 kVA (using a 
closed delta system)? 


Figure the amperage for the secondary of a three-phase, 
120/208-volt, four-wire transformer with a 100-kVA rating. 


What size overcurrent protection device is required to pro- 
tect the primary and secondary of a 20-kVA, 480/240-volt, 
two-wire-to-two-wire transformer? 


The overcurrent protection device on a 20-kVA, 480/240- 
volt, two-wire-to-two-wire transformer keeps tripping, so a 
larger setting must be used. What size overcurrent protection 
device is required in the primary and secondary to protect 
the transformer? 


What size overcurrent protection device is required to pro- 
tect the primary and secondary of a 30-kVA, two-wire-to-— 
three-wire transformer with a 480-volt primary and 120/240- 
volt secondary? 


What size overcurrent protection device is required to pro- 
tect the primary and secondary of a 50-kVA, three-wire—to— 
four-wire, delta-to-wye transformer with a 480-volt primary 
and a 120/208-volt secondary? 


What size transformers are required to supply a single-phase 
load of 25 kVA and a three-phase load of 40 kVA (using an open 
delta system)? 


If the primary full-load current of a 480-volt transformer is 8 
amps, what size fuses are required to protect the primary? 


If the primary full-load current of a 600-volt or less transformer 
is 1.5 amps, what size fuses are required to protect the 
primary? 


cia | GROUNDING 


Article 250, which covers the general requirements for grounding 
and bonding, is one of the most misunderstood and misapplied articles 
of the NEC. To understand this article, it is necessary to review Article 
100, which gives the definitions of grounding and bonding and other 
related terms. 

In Article 100, ground is defined as a conducting connection, whether 
intentional or accidental, between an electrical circuit (or equipment) 
and the earth (or some conducting body that serves inthe place of the 
earth). Grounded means connected to the earth or to some conducting 
body that serves in the place of the earth. 

The grounding conductor is aconductor used to connect equipment 
or the grounded circuit of the wiring system to the grounding electrode 
or to other electrodes of the grounding electrode system. 

Bonding is the permanent joining of metallic parts to ensure elec- 


trical conductivity. 


CIRCUIT AND SYSTEM 
GROUNDING — 250 


The purpose of circuit and system grounding is (1) to 
limit excessive voltage from line surges, crossovers 
with higher voltage lines, and lightning and (2) to 
keep noncurrent-carrying enclosures and equipment 
at zero potential to ground. 

Grounding the system helps facilitate the opening 
of overcurrent protection devices protecting the 
circuit conductors in case of ground-faults. 


AC Circuits and Systems to Be 
Grounded — 250-5 


This section requires AC circuits and systems to be 
grounded. 


AC Circuits of Less than 50 Volts — 250-5(a). All 
AC circuits of less than 50 volts must be grounded when: 

1. A transformer supplying the low voltage receives 
its supplying voltage from a source of over 150 volts 
to ground. 

2. A transformer receives its supply from an 
ungrounded system. 

3. The low-voltage conductors are installed as 
overhead conductors outside (not in the building). 
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AC Circuits of 50 to 1,000 Volts — 250-5(b). All 
AC circuits of 50 to 1,000 volts must be grounded 
when (Figure 8-1): 

1. The maximum voltage to ground on the un- 
grounded conductors does not exceed 150 volts. 

2. The system in nominally rated as 277/480-volt, 
three-phase, four-wire, and the neutral is used as a 
circuit conductor. The voltage between phases and to 
ground for 50-1000 V can be any level. 

3. The system is nominally rated as 240/120-volt, 
four-wire, and the midpoint of one phase is a circuit 
conductor. 

Exceptions to the preceding rules include: 

1. Circuits for electric furnaces. 

2. Separately derived systems used exclusively 
for rectifiers supplying only adjustable-speed indus- 
trial drives. 

3. Separately derived systems with primaries 
under 1,000 volts used exclusively for control circuits 
supervised by qualified personnel. The continuity of 
control power is required with ground detectors 
installed on the control system. 

4. Circuits supply anesthetizing locations per 517- 
61 and 517-160. 


AC Systems of 1 kV and Over — 250-5(c). AC 
systems of 1 kilovolt (kV) and over must be grounded 
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Figure 8-1. Grounding AC circuits of 50 to 1,000 volts. 


if supplying portable equipment. Other types of AC 
systems of 1 kV and over do not have to be grounded 
but may be if so desired (Figure 8-2). 


Separately Derived System — 250-5(d). A sep- 
arately derived system is a system supplied by a 
generator, converter, or transformer to reduce high 
voltage to low voltage in a building. A 480-volt feeder 
could be located at different floors in a building and a 
transformer installed at each floor to reduce the 
voltage to 120/240 or 120/208 volts (Figure 8-3). 


Portable and Vehicle-Mounted 
Generators — 250-6 


If a portable generator supplies only the equipment 
mounted on the generator or the cord- and plug- 
connected equipment connected to receptacles 
mounted on the generator, the frame of the portable 
generator does not have to be grounded, provided (1) 


POWER SOURCE 


S OVERCURRENT 
re PROTECTION DEVICE 
AC SYSTEM OF 1 KV OR MORE 


a PORTABLE EQUIPMENT 


250-5(c) 


Figure 8-2. AC systems of 1 kV or larger feeding portable equip- 
ment must be grounded. 
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Figure 8-3. Separately derived system output may be provided by 
a transformer, generator, or converter. 


the receptacles are bonded to the frame of the 
generator by an equipment grounding conductor and 
(2) the exposed noncurrent-carrying metal parts of 
the equipment are bonded to the frame of the 
generator. By means of grounding-type plugs, the 
cord- and plug-connected equipment is grounded to 
the frame of the generator by the grounding conductor 
in the cord (Figure 8-4). 


Circuits Not to Be Grounded — 250-7 


The following circuits must not be grounded: 

1. Circuits for electric cranes operating over com- 
bustible fibers in Class III hazardous locations per 
503-13. 

2. Circuits operating in anesthetizing locations per 
517-160(aX2) (Figure 8-5). 


ENCLOSURE GROUNDING 


The method of connecting the equipment grounding 
conductor, grounded neutral conductor, and grounding 
electrode conductor may vary according to the instal- 
lation of the service equipment or other types of 
equipment in the wiring system. 


Objectionable Current Over Grounding 
Conductors — 250-21 


Objectionable current flow in grounding conductors 
may occur from highly unbalanced loads or multiple 


GENERATOR FRAME MAY 
SERVE AS GROUND 


YOKE OF RECEPTACLE MUST BE 
BONDED TO FRAME OF GENERATOR 


PORTABLE GENERATOR 
250-6 


Figure 8-4. A generator frame may serve as the ground when 
receptacles are bonded to the frame. 


grounds of the wiring system. When the grounded 
neutral is connected at the supply company’s trans- 
former and at the service equipment of the building 
served and then is intentionally connected to ground 
at both points, there will be two parallel paths for 
unbalanced current to return. The unbalanced current 
of the system will return through the neutral conductor 
and through the ground of the earth, back to the 
source of power (the power company’s transformer) 
supplying the wiring system (Figure 8-6). 

About 10% of the current will flow through the 
ground, depending on the resistance of the ground 
path to that of the neutral conductor. If the unbalanced 
current is an excessive amount, it could be objection- 
able and require balancing the load of the system. 
Multiple grounds on the same system can result in 
objectionable flow of current from one ground 
connection to another. To remedy this situation, the 
following steps may be taken: 

1. Disconnect one or more grounding connections. 

2. Change locations of grounds. 

3. Break the conductive path interconnecting 
grounding connections. 

4. Consult the authority having jurisdiction. 
NOTE: The grounding connections should never be 
tampered with unless a problem such as voltage-to- 
ground fluctuation causes improper operation of the 
120-volt loads of the system. Ground-fault currents 
that flow over grounding conductors as a result of 
accidental shorts are not considered objectionable 
(Figure 8-6). No current will flow through a perfectly 
balanced system. 

5. Currents that introduce noise or data errors in 
electronic equipment are not considered objection- 
able currents. See 250-21, 250-21(d), 250-75, Ex., and 
645-15. 


Grounding Service Supplied by AC 
System — 250-23 

Part arequires AC grounded systems to be grounded 
at each service. A grounding electrode conductor is 
run from the neutral bus terminal to a cold water 
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Figure 8-5. These circuits must not be grounded. 


pipe, driven rod, or other made electrode according 
to 250-23. The grounding electrode conductor is 
connected to the grounded service conductor at any 
accessible point from the load end of the service drop 
or service lateral. This includes the terminal or bus to 
which the grounded service conductor is connected at 
the service disconnecting means (Figure 8-7). 

If the transformer supplying the building is located 
outside the building, there must be at least one 
additional grounding connection made at the trans- 
former or elsewhere outside the building. A grounding 
connection must not be made on the grounded circuit 
conductor on the load side of the service disconnect- 
ing means (Figure 8-8). 

The amount of fault current that will flow can be 
determined by dividing the length of wire between 
supply and load by 1000 and multiplying by the 
resistance per Table 8, Chapter 9 of the NEC®. The 
resistance of each length is added together and divid- 
ed into the voltage to ground. For example, a #2 ALU 
conductor 100’ long is divided by 1000 and multiplied 
by .319R to derive a resistance of .0319R (100’/1000 
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Figure 8-6. The ground and neutral conductors provide parallel 
paths for the balanced and unbalanced neutral currents. 


x .319R =.0319R). All lengths of conductors are com- 
puted this way and the resistance of each added 
together and divided into the voltage to ground to 
derive the amount of fault current (Figure 8-9). 

Part b requires the grounded conductor to be 
brought along with the phase conductors to each 
service if the secondary of the power company’s 
transformer is grounded (Figure 8-10). The current 
in the ground will carry approximately 10% of the 
total ground-fault current that will flow in the system. 
The NEC requires the rating of the grounded conductor 
to be at least 122% of the largest phase conductor; 
however, good design practice is to size the grounded 
conductor at not less than 25% of the largest phase 
conductor. For safe clearing time, a 600% or higher 
rating of the overcurrent protection device is required. 
For example, a 100-amp device x 600% = 600 amps. 

Grounded conductors will carry approximately 
90% of the total ground-fault current that may flow in 
the system. 

If a fault should occur in the system, fault-current 
will flow from the point of fault through the neutral 
conductor to the transformer, The fault-current will 
then return through the phase which has faulted to 
ground, consequently tripping the overcurrent pro- 
tection device for that phase. 

Where only phase-to-phase voltage is used, the 
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Figure 8-7. The grounded conductor must be brought to each 
service if the supplying source is from a grounded system. 
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Figure 8-8. When the transformer is located outside the 
building, an additional grounding electrode is connected to the 
grounded conductor. 


neutral would not carry current but would act only as 
a path for fault-currents in case of a short circuit. The 
grounded neutral conductor must always be as large 
as the grounding electrode conductor sized from 
Table 250-94. If the service phase conductors are 
larger than 1,100 kcmil copper or 1,750 kcmil 
aluminum, the grounded conductor must be at least 
12⁄2% of the area of the largest phase conductor. 
WARNING: When the power company’s 
secondary system is grounded, two-phase or 
three-phase conductors must not be run to the 
service without a grounded conductor. 
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TOTAL RESISTANCE 
TABLE 8, CHAPTER 9 (NEC) 
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WITH NEUTRAL BONDED 
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ON LENGTH PER TABLE 8, CHAPTER 9 
STEP 1: Distribution line #2 ALU is 100’ in length 
100 100 


1000 
STEP 2: #2 ALU = .319R 
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Figure 8-9. Calculating the fault current from the utility transformer to the fault using the resistance of each size conductor 
per Table 8, Chapter 9. 
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Figure 8-10. The grounded conductor is brought to each service switch for return of fault-current in the event of short circuit. Arrows in 
figure indicate direction of fault flow. 
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Two or More Buildings Supplied from 
Single-service Equipment — 250-24 
When one or more buildings are service-fed from a 
main AC grounded service, each service at each 
individual building must be separately grounded. If 
one or more buildings are service-fed from an un- 
grounded service, the grounding electrode conductor 
must be connected only to the service equipment 
enclosure (Figure 8-11). 


BUILDING NO. 2 BUILDING NO. 1 BUILDING NO. 3 


(EQUIPMENT 
SERVICE REQUIRING 
FEEDER MAIIEANEL GROUNDING) 


SUBFED SERVICE 


GROUNDING 
ELECTRODE CONDUCTOR 


GROUNDING ELECTRODE 


GROUNDING ELECTRODE CONDUCTOR CONNECTED 
TO ELECTRODE AT EACH BUILDING. 


250-24(a) 


BUILDING NO. 1 BUILDING NO. 2 
(CONTAINS NO EQUIPMENT 
REQUIRING GROUNDING) 
MAIN PANEL 
BRANCH CIRCUIT 
OR FEEDER 


DISCONNECTING MEANS 


GROUNDING ELECTRODE CONDUCTOR REQUIRED IN MAIN 
BUILDING ONLY WHEN SECOND BUILDING HAS NO EQUIPMENT 
WHICH REQUIRES GROUNDING AND IS SUPPLIED BY ONE 
BRANCH CIRCUIT. 


250-24(a), Ex. 1 
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Figure 8-11. Grounding requirements for two or more buildings 
served from a single-service equipment. 


If a feeder or branch circuit is serving another 
building from the service of the main building, the 
feeder or branch circuit must be grounded to an 
electrode at the other building exceptin the following 
cases: 

1. If there is no equipment in the building that 
needs grounding and if only one individual branch 
circuit is used to supply the other building. 

2. If livestock are housed in the building and if an 
equipment grounding conductor is routed with the 
feeder or branch circuit supplying the other building. 

Section 250-24 allows the grounded neutral to be 
used for the fault-current return path instead of it 
being necessary to run an equipment grounding 
conductor. The reason for this is that the grounded 
neutral conductor and equipment grounding conductor 
would join together at both panels. 

3. If livestock is housed in the building, the equip- 
ment grounding conductor must be insulated or 
covered and bonded to the metal case of the enclosure 
with the neutral bus and conductor isolated from the 
case, 

4. See Part C to 250-24 for applying the excep- 
tions to the disconnecting means per 225-8(b), Ex. 1, 
2 and 230-205(a), Ex. 


Conductor Grounded by AC System 
— 250-25 
The grounded conductor is usually white, taped 
white, or natural gray. The white or natural gray 
conductors are to be grounded on the following 
systems (Figure 8-12): 

1. Single-phase, two-wire. 

2. Single-phase, three-wire. 

3. Three-phase, four-wire, wye. 

4. Three-phase, four-wire, delta. 

5. Three-phase, with one phase grounded. 


Designing and Grounding Separately 
Derived AC Systems — 250-26 


In large buildings, high-voltage feeders are sometimes 
run from floor to floor. Transformers are installed on 
each floor to reduce the voltage to 120/240 or 120/208 
volts for general use. The procedure for grounding 
and bonding the secondary of a separately derived 
transformer system is divided into three parts. See 
Figure 8-13. 

1. The bonding jumper is sized from 250-79(d) 
based on the derived phase conductors supplying 
the panel, switch, or other equipment tapped from 
the secondary of the transformer (Figure 8-13). 
Section 250-79(d) refers to Table 250-94 and re- 
quires the bonding jumper to be sized from the de- 
rived phase conductors up to 1100 kemil for copper and 
1750 kemil for aluminum. All kcmil ratings exceeding 


1,100 kemil for copper or 1,750 kemil for aluminum 
must be taken at 124% % to size the bonding jumper. 

The bonding jumper may be connected at the source 
or at the first system disconnecting means or over- 
current protection device. 
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Figure 8-12. The grounded conductor must be white or natural 
gray for AC grounded systems. 
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PROBLEM: What size bonding jumper is required to 
bond the secondary of a transformer with #4/0 THW 
conductors supplying a panelboard? 


STEP 1: 250-79(d) and Table 250-94, Columns 1 
and 3. 

ANSWER: Size #2 copper or #1/0 aluminum bonding 

jumper is required. 


PROBLEM: What size grounding electrode con- 
ductor is required to ground the secondary con- 
ductors supplying a panelboard with #4/0 THW 
service conductors? 


STEP 1. Table 250-94, Column 1 and Column 3 or 4. 


ANSWER: Size #2 copper or #1/0 aluminum con- 
ductor is required. 


Figure 8-13. Bonding jumper size and grounding electrode con- 
ductor size are based on secondary conductor size. 
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2. The grounding electrode conductor is sized 
from Table 250-94, based on the derived phase 
conductors tapped from the transformer secondary 
to the panel, switch, or other equipment. The grounding 
electrode conductor may be connected at the trans- 
former or at the first disconnecting means or over- 
current protection device. 

3. The grounding electrode system must be as 
near as possible to the grounding conductor connec- 
tion. First choice is the nearest building steel. Second 
choice is the nearest water pipe system. Third choice 
is other electrodes according to 250-81 and 250-83 
(Figure 8-14). 
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Figure 8-14. Selecting the grounding electrode for a separately 
derived system. 


The grounding electrode conductor need never be 
larger than 3/0 for copper or 250 kcmil for aluminum 
when connecting to building steel or a water pipe 
system. When the grounding electrode conductor is 
connected to a driven rod or other made electrode, #6 
copper or aluminum is required (Figure 8-15). 
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Figure 8-15. The grounding electrode conductor does not have 
to be larger than #6 copper or #4 aluminum when connected 
to made electrodes. 
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HIGH-IMPEDANCE 
GROUNDING—250-27 


High-impedance grounding is inserting a resistance 
or reactance between the grounding electrode conduc- 
tor and the grounded conductor. The purpose is to 
limit the ground-fault current to a safe value. Ground- 
fault current relays can be used to monitor the 
ground-fault current and trip the system overcurrent 
protection device OPEN if necessary. High-impedance 
grounding is generally used on ungrounded systems. 
See Figure 8-16. 
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Figure 8-16. High-impedance grounding limits ground-fault cur- 
rent to safe values. 


EQUIPMENT GROUNDING 


Equipment is grounded by using the metal of conduit, 
EMT, BX, or any metal raceway wiring method 
approved by the NEC. Equipment grounding con- 
ductors may be used in PVC conduit, Romex cable 
(NM cable), or flexible cords to safely ground electrical 
equipment. 


Determining Fixed Equipment 
— 250-42 


Equipment fastened in place by nails, bolts, or 
screws is classified as fixed equipment even if it is 
cord- and plug-connected. Hard-wired equipment 
not fastened in place is also classified as fixed 
equipment. The noncurrent-carrying parts of equip- 
ment must be grounded to protect personnel from 
electrical shock (Figure 8-17). 

Equipment that is cord- and plug-connected must 
be grounded with a green or green-with-stripes, 
insulated or bare conductor. Items in residential 
occupancies that require grounding include refrig- 
erators, freezers, air conditioners, compactors, dish- 


washers, disposals, etc. All electric equipment shall 
be grounded, double-insulated, and listed as such or 
supplied by an isolating transformer rated not over 
50 volts. Cord- and plug-connected equipment rated 
over 150 volts to ground must be grounded. Guarded 
motor frames or metal frames of heated appliances 
may be exempt by special permission (Figure 8-18). 
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Figure 8-17. Fixed equipment may be fastened in place with nails, 
bolts, or screws. It may also be hard-wired. See 250-42. 
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Figure 8-18. Cord- and plug-connected equipment must be 
grounded or double-insulated. 


METHODS OF GROUNDING 


Grounding is accomplished by bonding and using 
metal wiring methods or equipment grounds to safely 
conduct any fault-current imposed on metal conduit 
or enclosures from the point of the short circuit back 
to the source of power. The source of power could be 
a transformer, convertor, or generator. A transformer 
may be grounded or ungrounded, depending on the 
system desired by the user. 


Grounded and Ungrounded Systems — 
250-50 


For a grounded system the neutral must be grounded 
at the service equipment neutral busbar terminal by 
the grounding electrode conductor. This conductor 
must be connected to the grounding electrode system 
according to 250-81. 

For an ungrounded system there is no neutral to be 
connected to ground. The equipment grounding 
conductors (BX or metal conduits) could be used to 
bond and connect all metal noncurrent-carrying 
parts of the wiring system to the grounding electrode 
conductor at the service equipment (Figure 8-19). 

In older installations a branch circuit may be 
tapped to an ungrounded branch circuit and extended 
to install a grounding-type receptacle. In this case, 
the equipment grounding conductor may be connected 
to the closest water pipe. It is not necessary to run it 
back to the service equipment enclosure (Figure 
8-20). 

Three methods may be utilized when replacing 
an ungrounded receptacle. These are: 

1. Use an ungrounded receptacle. 

2. Use a grounded receptacle connector to the 

nearest water pipe. 

3. Use a GFCI receptacle. 
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Figure 8-19. The neutral is grounded in a grounded system. 
There is no neutral in an ungrounded system. 


Effective Grounding Path — 250-51 


All connections in a wiring system must have solid 
metal-to-metal contact of parts to provide a continuous 
path to ground. This ground path must have a low 
impedance to limit the voltage to ground and allow 
sufficient current flow to facilitate the operation of 
the overcurrent protection devices of the system 
(Figure 8-21). The earth must not be used as the sole 
grounding means. 
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Figure 8-20. A branch circuit may be tapped to an ungrounded 
circuit and extend to a grounded receptacle connected to the 
nearest water pipe. See 210-7(d), Ex. 
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Figure 8-21. All connections in a wiring system must have metal- 
to-metal continuity providing a path to ground. 


Grounding Path for Grounding 
Electrode at Service — 250-53 


The grounding electrode conductor is the conductor 
connected from the service equipment terminal 
neutral bus to the grounding electrode system 
according to 250-81. When a system is grounded, the 
neutral conductor, the service equipment enclosure, 
and the equipment grounding conductors must be 
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bonded and grounded by the grounding electrode 
conductor to the grounding electrode system. The 
bonding jumper must be a wire, bus, screw, or other 
suitable conductor. For two or more services supply- 
ing power to a premise, the grounding electrodes can 
be bonded together and considered a single grounding 
electrode system (Figure 8-22). 
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Figure 8-22. The bonding jumper connecting the neutral bus to 
the service equipment enclosure may be a wire, screw, bus, or any 
other suitable conductor. 


Grounding Method for Equipment 
Fastened in Place or Connected by 
Permanent Wiring Methods (Hard or 
Fixed Wiring) — 250-57 

BX, EMT, or metal conduit may be used as the 
equipment grounding conductor to ground electrical 
equipment. An equipment grounding conductor may 
be carried along with the circuit conductors and 
connected to the equipment to be grounded. 

The equipment grounding conductor may be a 
bare conductor, but if it is insulated, the insulation 
must be green or green with yellow stripes. Grounding 
conductors #6 and smaller must be green-colored 
insulation. If larger conductors are used, they must 
be taped, colored, or painted green, or stripped bare 
at each outlet. 


Grounding Method for Cord- and Plug- 
Connected Equipment — 250-59 


Three methods may be used to ground the metal 
cases of portable cord- and plug-connected stationary 
equipment (Figure 8-23). 

1. When a cord with a metal covering is used, the 
equipment is connected to the metal covering of the 
cord. The other end of the metal covering is connected 
to the grounding prong of the plug. 


2. The grounding conductor in a cord may be bare 
or insulated with a green color and connected to the 
grounding prong of a plug to ground the equipment. 

3. Portable equipment may be grounded with a 
separate flexible wire or strap. 
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Figure 8-23. Cord- and plug-connected equipment may be 
grounded by the covering of a metal cord, a grounding conductor in 
the cord, or a separate grounding conductor. 


Bonding and Grounding of Frames for 
Ranges and Clothes Dryers — 250-60 


It is a safe policy to ground the frames of ranges, 
cooktops, ovens, clothes dryers, and junction boxes 
or outlet boxes that are part of the supply circuits for 
such equipment. However, if the supply circuit is 
120/240 volts or 120/208 volts derived from a three- 
phase, four-wire wye-connected system, cooking 
appliances and clothes dryers may be bonded and 
grounded under the following provisions: 

1. If the grounded conductor is no smaller than 
#10 copper or #8 aluminum. 

2. Ifthe grounded conductor is insulated if part of 
NM cable (Romex) or PVC conduit. 


3. If the grounded conductor is bare if part of a 
service-entrance cable. 

If the branch circuit originates at the service equip- 
ment (not a subfed panel) and the grounding contacts 
of the receptacles are bonded to the equipment, the 
grounded conductor may serve as both the neutral 
and the equipment grounding conductor (Figure 
8-24). 
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Figure 8-24. The equipment grounding conductor may also serve 
as the neutral conductor for ranges, cooktops, ovens, and clothes 
dryers. 


Using the Grounded Circuit Conductor 
for Grounding Equipment — 250-61 


On the supply side the grounded neutral conductor 
may be used to ground all metal parts of enclosures 
used to install the service equipment. This includes 
the service weatherhead, service conduit, service 
meter base, and the service equipment enclosure. 

On the load side the neutral must be isolated from 
the other system conductors and from metal enclosures 
or metal conduits. The neutral may be used to ground 
the following equipment on the load side: 

1. Frames of ranges, ovens, cooktops, and dryers 
per 250-60. 

2. The disconnect enclosure for other buildings 
served from the service equipment of the main 
building. This would apply where the other building 
requires a separate grounding electrode system. 

3. The meter base if the meter is mounted near the 
service disconnecting means and if no service ground- 
fault protection is provided. 

4. DC systems are allowed to be grounded on the 
load side of the disconnecting means or OCPD per 
250-22, Ex. 

5. Separately derived systems per 250-23(a), Ex. 1 
and 250-26(b). 
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BONDING 


Bonding is joining together all metal parts of the 
wiring system such as boxes, cabinet cases, enclosure 
cases, and metal conduit. Bonding ensures a continuous 
metallic path to ground throughout the system. 


Bonding and Grounding of Service 
Equipment — 250-71 

The items of service equipment to be bonded are 
listed in this section and include: 

e Service-entrance raceway 

e Meter base enclosure 

e Service equipment enclosure 

e All other metal service equipment enclosures 
These items must be bonded together in a continuous 
metal-to-metal system. Exceptions to this section 
permit ungrounded service raceway or cables. 

See 250-71(b) for the bonding of other systems such 
as communication and CATV systems to form a com- 
mon grounding electrode system. See 800-40 and 
820-40. 


Method of Bonding Service Equipment 
— 250-72 

The methods allowed for the bonding of service 
equipment are: 

1. When the service raceway is threaded into the 
meter base or the service equipment enclosure, no 
further bonding is required. 

2. When a service enclosure has knockouts for 
different size raceways to enter the enclosure, and 
smaller knockouts are removed, leaving larger ones, 
a jumper wire must be used to connect and bond the 
raceway to the box. This is done with a lug connected 
to a metal bushing on the raceway and terminated to 
a lug connected to the enclosure or grounded neutral 
bus terminal. 

3. An application of other devices would allow a 
wedge fitting to be used. A wedge fitting is a 
grounding wedge equipped with a setscrew. When 
tightened, the setscrew bites the metal conduit, 
bonding it to the service equipment enclosure. 

4. Solder must not be used to bond the parts 
listed. Only pressure connectors and clamps may be 
used (Figure 8-25). See 250-113. 


Grounding Metal Armor or Tape of 
Service Cable — 250-73 


When metal-armored cable with a bare grounded 
neutral is used as the service-entrance cable, and the 
metal armor or tape has contact with the grounded 
neutral conductor, the system is considered grounded. 
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a THREADED BOSSES 


WEDGE FITTING 


BONDING JUMPER 


250-72; 250-60 


Figure 8-25. Threaded bosses, bonding jumpers, and wedge 
fittings are accepted bonding methods for metal enclosures of 
service equipment. 


Bonding Systems Over 250 Volts — 
250-76 


For bonding circuits of more than 250 volts to ground 
not including services, one of the following methods 
must be used: 
1. Between sections of metal conduit, IMC, EMT, 
etc., use: 
e Threaded couplings 
e Threadless couplings 
2. Between metallic raceways, metallic boxes, 
cabinet enclosures, etc., use: 
e Jumpers 
e Two locknuts and bushing 
e Threaded bosses (hubs) 
e Other approved devices (wedges, etc.) 
When voltage on circuits (not services) is 250 volts 
or less, bonding is not required if knockout rings are 
left with the smaller ones being used. 


Connecting Receptacle Grounding 
Terminals to Box — 250-74 


The receptacle grounding terminals must be connected 
to the box and make a good connection to ground. 
The general rule requires a bonding jumper to 
connect the grounding terminal (binding screw) of a 
grounding-type receptacle to a metal grounded box. 
However, there are four exceptions when a connection 
can be made without a jumper (Figure 8-26). 
Exception No. 1. A yoke (mounting screw) of metal 
may be connected to the metal of the box (metal-to- 
metal) if the box is surface-mounted. 


Exception No. 2. Self-grounding screws may be 
used to ground receptacles mounted in a recessed 
box with a bonding jumper. 

Exception No. 3. Floor boxes designed to provide 
good contact between the metal box and the metal 
yoke of the receptacle require no bonding jumper. 
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Figure 8-26. Designing proper connections to ground without a 
bonding jumper. 


Exception No. 4. Receptacles with isolated ground 
terminals may be used and not connected to the 
grounding slot to reduce electromagnetic interference. 


Bonding Other Enclosures— 250-75 


The metal of cables and raceways shall be bonded to 
metal enclosures, boxes, cabinets, etc. Metal raceways 
shall be run complete from metal box to metal box 
per 300-10. The exception to 250-75 allows a non- 
metallic spacer or fitting to be installed between the 
metal raceway and sensitive electronic equipment at 
the point of connection. The metal raceway shall be 
grounded and the equipment grounding conductor 
isolated. This type of installation helps reduce electro- 
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magnetic interference that creates noise in sensitive 
electronic equipment. 


Main Equipment Bonding Jumpers — 
250-79 


Equipment bonding jumpers and the service equip- 
ment’s main bonding jumper are sized from Table 
250-94, based on the size of the service-entrance con- 
ductors. When these conductors exceed 1,100 kemil 
for copper or 1,750 kemil for aluminum, 12⁄2 % of the 
service conductors must be taken (Figure 8-27). 
For three conduits entering a switchgear with each 
conduit individually bonded to the enclosure by a 
bonding jumper, the jumper is sized according to the 
largest phase conductor of the conduit (Figure 8-28). 


PROBLEM: What size bonding jumper conductors are 
required to bond the metal conduit to the grounded 
bus terminal, based on two #350 kcmil THW copper 
conductors? 


STEP 1: 250-79(d). 
Size #350 kcmil THW copper service 


conductors. 
STEP 2: Table 250-94, Column 1 and Column 3 or 4. 


ANSWER: Size #2 copper or #1/0 aluminum 
conductors are required. 


250-7%d) 
250-92(b) 


Figure 8-27. Determining bonding jumper conductor size based on service-entrance conductor size. 
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250-79(d) 


PROBLEM: What size bonding jumper is required to 
bond each conduit to the grounded bus terminal, 
based on the service conductors in each conduit? 


STEP 1: 250-79(d). 


Size #600 kcmil THW copper conductors in 
each conduit. 


STEP 2: Table 250-94, Column 1 and Column 4. 


ANSWER: Size #1/0 copper or #3/0 aluminum 
conductors are required. 


Figure 8-28. Determining bonding jumper conductor size to bond individual conduits in parallel service. 
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ee SERVICE EQUIPMENT ENCLOSURE 


PROBLEM: What size individual bonding jumper is 
required to bond all the conduits to the grounded 
bus terminal, based on the total area of the phase 
conductors? 


STEP 1: 250-79(d). 


Size #600 kcmil THW copper conductors in 
each conduit. 


STEP 2: #600 kcmil x 3 = #1,800 kcmil 
STEP 3: 250-79(d). 
#1,800 kcmil x .125 = #225 kcmil 


BONDING SCREW 


NEUTRAL BAR 
BONDED TO ENCLOSURE BY 
BONDING SCREW. 


SERVICE CONDUCTORS 
THREE #600 KCMIL THW 
COPPER CONDUCTORS 


PARALLEL PER PHASE 
250-79(d) 


STEP 4: Table 8 in Chapter 9. 
ANSWER: Size #250 kcmil conductor is required. 


Figure 8-29. Determining bonding jumper conductor size to bond multiple conduits. 


If one bonding jumper is used to bond all of the 
conduits to the service enclosure, take 12/,% of the 
total kemil rating per phase. From this sum, size the 
bonding jumper. Where a metal raceway houses an 
equipment grounding conductor, the bonding jumper 
connecting the metal raceway to the EGC shall be as 
large or larger than the EGC (Figure 8-29). 


Grounding Electrode System — 250-81 


The grounding electrode system can no longer be 
just a water pipe system. If 10’ or more of metal water 
pipe are in the earth, the water pipe is considered the 
grounding electrode, but it must be supplemented by 
an additional electrode. Section 250-81 lists four 
types of electrodes. If any one or all are present, they 
must be bonded together to make up the grounding 
electrode system. The bonding jumper that connects 
these electrodes must be at least as large as the 
grounding electrode conductor of the system sized 
by Table 250-94. The four types of electrodes are 
(Figure 8-30): 

1. Underground metal water pipe at least 10’ in 
the ground (first choice). 

2. Metal frame of the building (second choice). 

3. Bare #4 conductor at least 20’ in length and 
near the bottom of the concrete foundation (within 
2”), or 2” reinforcing steel or rods at least 20’ in 
length (third choice). 

4, Bare #2 conductor encircling building at least 
24’ in the ground (fourth choice). 

The grounding electrode conductor at the service 
equipment may be connected to any convenient 
interbonded electrodes that provide a solid, effective 
connection. Metal water pipe must be supplemented 
by an additional electrode, which may be any of the 
items in Nos. 2, 3, or 4 of the preceding list. A rod, 


pipe, or plate may be used according to 250-83, but 
metal water pipe must never be used alone. See 
250-80(a) for the water pipe requirements. Gas pipe 
shall not be used. See NFPA 54-2.14(b). Also see 
250-81, Ex. 
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Figure 8-30. Four types of grounding electrodes. 


Using Electrodes — 250-83 


Gas pipe cannot be used as a grounding electrode con- 
ductor. A made electrode or other type of electrode 
may be used when none of the four types of electrodes 
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of 250-81 are available (Figure 8-31). The types of 
made electrodes include: 

1. A ‘/,” x 8’ long brass rod or stainless steel rod 
of '/,” and larger. 

2. A *A” galvanized pipe, 8’ long. 

3. Metal plates of 2 sq. ft. Steel plates must be 14” 
thick. Brass, bronze, or copper plates must be at 
least 'Ac”’ thick. 
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Figure 8-31. Rods, pipes, and metal plates may be used as 
grounding electrodes. 


Soil Treatment to Improve Earth- 
Electrode Resistance 


Chemicals may be used to improve earth-electrode 
resistance (Figure 8-32). One method of chemical 
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treatment is the container system. In this system the 
container is salted with chemicals that slowly wash 
into the soil. Another method of chemical treatment 
is the basin system. In this system the basin is salted 
with chemicals to reduce resistance. Still another 
method is the trench system, in which a trench, which 
consists of a donut-shaped loop around the rod, is 
salted with chemicals. 
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Figure 8-32. Methods of improving earth-electrode resistance. 


Resistance of Made Electrodes 


When a rod or other made electrode is installed, the 
resistance to ground should not exceed 25 ohms. 
When one rod, plate, or pipe does not obtain 25 
ohms, a second electrode may be installed. This 
electrode must be separated at least 6’ from the first 
electrode. The total resistance reduced by parallel 
driven rods or pipes is (Figure 8-33): 


No.ofRods Percent Resistance 
2 50% 
3 66% 
4 75% 


FINISHED GRADE 


TWO RODS: 50% 


THREE RODS: 66% FOUR RODS: 75% 


Figure 8-33. The total resistance reduced by parallel driven rods 
increases as the number of rods increases. 


GROUNDING CONDUCTORS 


Many types of wiring methods are used to connect 
the metal of boxes, motor frames, junction boxes, 
cabinets, or enclosures of other equipment. Only 
copper or aluminum conductors are permitted to be 
used as the grounding electrode conductor to connect 
and ground to earth the neutral terminal in the 
service enclosure. 


Grounding Electrode System — 250-91 


Part a requires the conductor used as the grounding 
electrode conductor to be copper or aluminum. It 
must not be spliced from the service equipment to 
the grounding electrode. However, the grounding 
electrode conductor may be spliced in busbars or a 
service consisting of more than a single enclosure. 
The service could be made up of six or less individual 
disconnecting switches or six individual main circuit 
breakers in a panelboard. Tapped conductors shall be 
connected to the grounding electrode conductor to pre- 
vent it from being spliced per 250-91(a), Ex. 2. Also 
see 250-81, Ex. 

Part b lists the various wiring methods that may 
be used as equipment grounding conductors to grcund 
metal enclosures of boxes and equipment. The tapped 
conductor to a grounding electrode conductor is sized 
per 250-94. The grounding electrode conductor is sized 
per Table 250-94 based on the largest phase conduc- 
tor(s) (Figure 8-34). 


Installation Requirements for 
Grounding Conductors — 250-92 


Part a covers the rules for installing the grounding 
electrode conductor connecting the service enclosure to 
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Figure 8-34. Designing splices for grounded electrode terminals. 


the grounding electrode system. The rules are divided 
into three parts: 

1. Grounding electrode conductors that are #4 
and larger may be stapled directly to the surface. No 
additional protection is needed except where exposed 
to severe damage. 

2. A #6 grounding electrode conductor may be 
run unprotected if securely stapled and not exposed 
to physical damage. Otherwise it must be protected 
in an approved raceway system such as PVC, EMT, 
IMC, rigid conduit, or cable armor. 

3. Grounding electrode conductors smaller than 
#6 must always be run in PVC, EMT, IMC, rigid 
conduit, or cable armor. In most cases, this will be a 
#8 grounding electrode conductor per Table 250-94. 

Parts b and c list the wiring methods that are ap- 
proved for equipment grounding conductors. If a 
separate conductor is used for this purpose, the con- 
ductor rating is sized from Table 250-95, based on the 
size and rating of the overcurrent protection device 
supplying the circuit. If the conductors of a circuit are 
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protected by a 100-amp overcurrent protection device, 
a #8 copper or #6 aluminum would be required for 
the equipment grounding conductor. Rigid conduit, 
IMC, EMT, or BX may serve as the grounding means 
for the wiring system and equipment. 


Sizing Grounding Electrode Conductor 
to Ground AC Systems — Table 250-94 


The grounding electrode conductor is the conductor 
used to ground the service equipment enclosure to 
the grounding electrode system. The size of the 
grounding electrode conductor is based on the size of 
the service-entrance conductors supplying the 
premises. For example, Table 250-94, Column 1, 
lists the size of copper service-entrance conductors. 
Column 3 lists the size of copper electrodes. For #1 
THWN copper service-entrance conductors, the size 
grounding electrode conductor from Column 3 is #6 
copper. 

If a made electrode such as a driven rod is used as 
the grounding electrode system, a #6 copper or #4 
aluminum is the largest grounding electrode conductor 
required, regardless of the size of the service-entrance 
conductors. Made electrodes have higher resistance 
ratings than water pipe or building steel. These 
electrodes can handle a large range of current. Larger 
conductors are not necessary (Figure 8-35). 
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Figure 8-35. The grounding electrode conductor is sized for the 
various grounding electrodes. The size of the grounding elec- 
trode conductor may have to be adjusted where it does not dead 
end to a grounding electrode. 


Sizing Equipment Grounding 
Conductors — Table 250-95 


The equipment grounding conductor is the conductor 
used to ground the metal parts of equipment. It 
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keeps the equipment at zero potential and provides a 
path for the short-circuit current. The size of the 
equipment grounding conductor is based on the size 
of the overcurrent protection device protecting the 
circuit conductors. For example, if a 200-amp circuit 
breaker or fuses protect the conductors supplying a 
circuit, Table 250-95 is referred to when sizing the 
grounding conductor. According to Table 250-95, 
Column 1, a 200-amp overcurrent protection device 
requires a #6 copper or #4 aluminum equipment 
grounding conductor. However, if a 225-amp or 250- 
amp overcurrent protection device is used, #4 
aluminum or #2 copper is required for the equipment 
grounding conductor. The smallest equipment 
grounding conductor permitted by Table 250-95 is 
#14, except for a #18 cord assembly (Figure 8-36). 
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PROBLEM: What size copper equipment grounding 
conductor is required to ground the metal parts of a 
piece of equipment supplied by #3 THW copper con- 
ductors connected to a 100-amp circuit breaker? 


STEP 1: Table 250-95, Columns 1 and 2. 


100-amp circuit breaker requires a #8 
copper conductor. 


ANSWER: Size #8 copper conductor is required. 


Figure 8-36. Sizing equipment grounding conductors. 


Circuit conductors that are hooked in parallel and 
run in separate conduits must have a separate equip- 
ment grounding conductor in each conduit. The 
conductor must be sized from Table 250-95, based 
on the rating of the overcurrent protection device 
protecting the circuit. Any metal wiring method from 
250-91(b) may be used for this purpose (Figure 8-37). 
Where the OCP consists of an instantaneous trip CB 
or motor short-circuit protector per 430-52, the equip- 
ment grounding conductor shall be sized on the motor 
overload protective device rating. 


GROUNDING CONDUCTOR 
CONNECTIONS 


Various types of pressure connectors, clips, clamps, 
lugs, and devices are used to connect grounding 
conductors to metal enclosures, water pipes, building 
steel, and other types of equipment requiring 
grounding. Any device used must be approved for 
the type of installation involved. 
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PROBLEM: What size copper equipment grounding 
conductors are required to ground the metal parts of 
a piece of equipment supplied by three #3/0 THW 
copper conductors per phase connected to a 600- 
amp circuit breaker? 


STEP 1: Table 250-95, Columns 1 and 2. 


600-amp circuit breaker requires #1 copper 
conductors. 


ANSWER: Size #1 copper conductors are required. 


Figure 8-37. Sizing equipment grounding conductors for parallel 
feeders. 


Connections to Grounding Electrode 
— 250-112 


If the grounding electrode conductor is connected to 
a water pipe, the connection should be made on the 
street side of the meter and be accessible. The excep- 
tion to 250-112 does not require an encased or a buried 
connection to an electrode to be accessible. When the 
connection is made elsewhere, a bonding jumper must 
be used to bond around the meter to ensure continuity 
of the piping system (Figure 8-38). The length of the 
bonding jumper shall be long enough to permit re- 
moval of equipment and still retain the integrity of 
the bond. 
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Figure 8-38. When the grounding electrode conductor is not 
connected on the street side, a bonding jumper must bridge the 
water pipe around the water meter. 


Connections to Conductors and 
Equipment — 250-113 

Grounding and bonding jumpers must be connected 
to equipment by pressure connectors, lugs, clamps, 
exothermic welding or other approved means. Devices 
and fittings that depend on solder must not be used 
for this purpose. 


Attachment of Branch-circuit 
Equipment Grounding Conductors to 
Boxes to Ensure Continuity — 250-114 


Equipment grounding conductors must be connected 
to maintain continuity. Where a number of grounding 
conductors enter a box, all the conductors must be 
spliced with devices identified for the purpose (Figure 
8-39). 
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Figure 8-39. Equipment grounding conductors must be connected 
and bonded to metal boxes to ensure continuity. 
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Connection to Electrodes — 250-115 


The grounding electrode conductor may be connected 
to the electrode system by any of the following 
methods (Figure 8-40): 

1. An approved bolted clamp of cast bronze, 
brass, iron, or malleable iron may be used. 

2. Astrap clamp made of sheet-metal that sets on 
the electrode may be used, provided it is strong 
enough not to stretch after installation. 

3. A pipe, fitting, pipe plug, or other approved 
device screwed into a pipe fitting of the electrode 
system may be used. 

4. By exothermic welding. 


SHEET METAL 
STRAP CLAMP 


PIPE FITTING, 
AND PIPE PLUG 


CAST BRONZE,BRASS, 
OR IRON CLAMP 


Figure 8-40. Methods of connecting the grounding electrode 
conductor to the electrode system. 


GROUNDING COMPUTERS TO 
MINIMIZE ELECTRONIC NOISE— 
645-15 


Designing engineers often encounter problems with 
electronic noise that cause computers to malfunction. 
Special grounding methods are required to minimize 
this electronic noise and comply with applicable sec- 
tions of the NEC. See 250-21(d) and 250-75, Ex. 1, 
which permits nonmetallic conduit run between sen- 
sitive electronic equipment and the service panel or 
source. An insulated EGC shall be run with circuits. 
See Figure 8-41. 

Many designers or electricians, in an effort to isolate 
the computer system from the power system of the 
building, will ground the computer to a driven rod or 
other type of electrode which is not connected to the 
grounding electrode system of the building. This type 
of grounding creates a hazard, for there is no low- 
impedance return path for the fault-current to return 


198 DESIGNING ELECTRICAL SYSTEMS 


to the power source and trip open the overcurrent 
protection device (Figure 8-41). 

Inmost cases there is not an equal potential between 
the computer equipment and other grounded metal. 
This grounding method violates many sections of the 
NEC, and generally more grounding noise is sensed. 

Good grounding practice requires the elimination 
of ground loops which produce paths for circulation 
of the ground currents and ground the computer 


equipment with a radial system. 
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Figure 8-41. A nonmetallic fitting can be installed between 
metal conduit and sensitive electronic equipment if located at 
equipment and the circuit contains an EGC. 


The computer must be grounded according to 
Article 250. The exposed noncurrent-carrying parts 
of the computer enclosure must be connected to the 
grounding electrode at the service equipment or a 
subfed transformer (Figure 8-42). Any equipment 
grounding method listed in 250-91(b) may be used 
for this purpose. 

A subfed transformer may be used to isolate the 
computer supply from the power system supplying 
the service equipment. The equipment grounding 
method used may be rigid conduit, IMC, or EMT. An 
equipment grounding conductor must be routed with 
the power conductors. 

A high-frequency reference grid must be established 
and connect the grid system to the computer ground 
point. 

The service equipment neutral bus terminal is 
grounded by the grounding of the electrode conductor 
to the earth with a water pipe system or a structural 
building steel system, or both systems. The computer 
equipment must be grounded radially to a single 
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Figure 8-42. Two methods of grounding computer equipment to 
minimize electronic noise. 


ground point tied to a high-frequency reference grid. 
The grid must be tied to the same ground point for the 
computer. The computer ground point is then grounded 
to the grounding electrode. This type of grounding 
meets applicable requirements of the NEC and helps 
minimize computer problems caused from electronic 
noise. 

All the grounds and neutrals must be run in the 
same conduit or cable containing the power conductors 
except for the reference grid ground. 


Name 


True or False 
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Date 


Circle T (true) or F (false) for each statement. Enter the NEC section number that supports your answer in the 


Space provided. 


Section 
ZSO-3A F 
PTO- OF 


260-23 fF PF 
ESI 28 O F 


Z Şes = E Fa T © 


Sani Z S2 OF 
250-277 OF 
Zso- SP Qe 
ZSO-Y2E Mr 


20 - ZLA ÔF 
Z250-7¥Y -Ø 
Z5O- SOA Mr 


zao- Y6_ @F 


250-794 TÊ 
$10-/2R CDF 
25- SIT) 

LSO - goa OF 


no Fy TO 


18. 


13; 


Two-wire DC systems supplying wiring for a premises must be grounded. 


The frame of a vehicle-mounted generator must be bonded to the vehicle 
frame to be used for the grounding electrode system. 


Circuits for electric cranes operating over combustible fibers in Class III loca- 
tions need not be grounded. 


Circuits supplying anesthetizing locations need not be grounded. 


When the transformer supplying a service is grounded, the grounded neutral 
conductor must be brought to each service switch. 


If an ungrounded system serves a premises, the grounding electrode must be 
connected to the metal enclosure of the service switch. 


When the service supply is grounded, an additional equipment ground must be 
pulled along with the phase conductors and neutral to ground the system. 


For a single-phase, three-wire service, the white neutral conductor must be 
grounded to the grounding electrode system. 


The grounded neutral conductor must always be as large as the grounding 
electrode conductor. 


A high-impedance grounded neutral can be used where the system is three-phase 
operating at 1,000 volts or less and supplying line-to-line loads. 


Equipment located in wet or damp locations must be grounded if persons can 
reach such equipment. 


Separately derived AC systems must be bonded by a bonding jumper. 
The grounding electrode conductor must be sized from Table 250-95. 
For a grounded system, the connection must be made by bonding the equip- 
ment grounding conductor to the service conductor and the grounding elec- 


trode conductor at the service equipment. 


Metal parts of electrical equipment must be kept at least 6’ away from lightning 
rod conductors or must be bonded together. 


The main bonding jumperin a service switch must not be bonded by a wire, bus, 
screw, or similar suitable conductor. 


Aninsulated equipment grounding conductor may be green, green with yellow 
stripes, or bare. 


A bare conductor may be used to ground the metal frame of a range and also 
serve as the neutral if all circuit conductors are part of an SE cable. 


Service-entrance metal raceways are not required to be bonded to the service 
switch of the premises. 
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Design Problems 


Enter the answer(s) to each question and the NEC section number(s) that supports your answer(s) in the space 


provided. 
Section Answer 
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The service-entrance conductors supplying a building are 
#3/0 THW copper conductors. What size copper grounding 
electrode conductor is required? 


Four #400 kcmil THWN copper conductors supply the service 
equipment in a commercial building. What size copper ground- 
ing electrode conductor is required? 


What size aluminum grounding electrode conductor is required 
to ground the service for four #250 kcmil THWN aluminum 
conductors? 


What size aluminum grounding electrode conductor is 
required to ground the service toa water pipe system forfour 
#1 THWN aluminum conductors? 


What size bonding jumper conductor is required to bond four 
individual 242” conduits containing four #250 kcmil THW cop- 
per conductors parallel-per-phase supplying a small industrial 
plant? 


What size bonding jumper is required to bond four separate 
21” conduits with one individual conductor containing four 
#4/0 THW copper conductors? 


What size bonding jumper is required to bond three separate 
3” conduits with one individual conductor containing four #300 
kcmil THW copper conductors? 


What size grounding electrode conductor is required to 
ground the secondary of a separately derived AC system 
that supplies a panelboard with four #2/0 THWN copper 
conductors? 


What size bonding jumper conductor is required to bond the 
secondary of a separately derived AC system that supplies a 
panelboard with four #4/0 THHN copper conductors? 


What size equipment grounding conductor is required to 
ground the metal enclosure of a printing press protected bya 
60-amp overcurrent protection device? 


What size grounding electrode conductor is required to con- 
nect the grounded bus terminal to a driven rod based on four 
#600 kcmil THWN copper service-entrance conductors? 


A2,000-amp service is supplied by a 2,000-amp copper bus 
duct. What size copper grounding electrode conductor is 
required to connect the grounded terminal bus to the elec- 
trode? 


A run of three PVC conduits to a processing machine contains 
three #300 kcmil THW copper conductors in each pipe parallel- 
per-phase with protection by an 800-amp circuit breaker. What 
size equipment grounding conductor must be pulled in each 
conduit? 


The service is the heart of the electrical system in supplying power to 
the premises. The loads of a wiring system consist of three parts: the 
service, the feeders (Subfeeders), and the branch circuits. From the 
total volt-amperage of all the branch circuits and feeders, the size of 
the service conductors can be computed. 

There are two methods by which the power company will deliver 
service (power) to a building: overhead service and lateral service. In 
overhead service, the service drop is the overhead conductors be- 
tween the last pole and the service-entrance conductors. The service 
drop ends at the point where the service-entrance conductors 
connect to the service-drop conductors at the service head (weather- 
head). The service-entrance conductors are the conductors between 
the service-drop conductors and the service disconnecting means 
located inside or outside the building. The service conductors are the 
conductors between the last pole and the service disconnecting 
means, which includes both the service-drop conductors and the 
service-entrance conductors. 

In lateral service, the power company installs underground service 
from the transformer to the service disconnecting means or to the 
point where the conductors enter the building. 

Before installing any service equipment, the following rules must 
be observed: 

1. Check the premises for the point of attachment to make sure 
minimum clearances are provided according to 230-26. 

2. Check the clearances required by 110-16 for equipment less 
than 600 volts and 110-34 for equipment over 600 volts. Sufficient 
working space is required in front of the service equipment according 
to 110-16(a)(1,2,3). 

3. Check 250-8 1(a,b,c,d) to provide means of bonding together the 
available grounding electrodes to form the grounding electrode 
system. 

After these checks have been completed, the service equipment 
and meter may be mounted and the service installed. 
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DESIGNING PROPER WORKING 
SPACE FOR ELECTRIC EQUIPMENT 
(600 VOLTS OR LESS) — 110-16 


Sufficient working space must be provided in front of 
all service equipment for the safety of persons 
working on the live parts of the equipment. If proper 
clearances are not provided, an electrician or main- 
tenance worker could be subjected to electrical 
shocks. 


Working Clearances — 110-16 


A minimum working space of 30” width must be 
provided in front of electrical equipment of 600 volts 
or less. This allows sufficient room to avoid body 
contact with metal parts while working with the 
equipment. The 30” width space may be centered in 
front of the equipment or may be offset. The space 
must be clear to the floor. There must be at least a 
90° opening provided in the work area for equipment 
doors or hinged panels on the service equipment 
(Figure 9-1). 
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Figure 9-1. A 30” minimum working space must be provided in 
front of electrical equipment. The space may be centered or offset 
from the electrical equipment. 


Working space must be allocated for repair or 
maintenance of electrical equipment. This space 
should be 36”, 42”, or 48”, depending upon existing 
conditions. These conditions are (Figure 9-2): 


Condition 1: The electrical equipment is mounted 
or set, and the wall on the other side is insulated 
(ungrounded parts). An electrician or maintenance 
worker making contact with the insulated wall would 
be isolated from the ground. Therefore, this condition 
requires less working space. 


Condition 2: The electrical equipment is mounted 
or set, and the wall on the other side is conductive. If 
the electrician or maintenance worker should acci- 
dentally contact the conductive wall while touching 
live parts, a circuit would be completed to ground 
and a fatal shock could occur. 


Condition 3: The electrical equipment is mounted 
or set, and additional electrical equipment is mounted 


or set on the other side of the room. There are live 
parts on both sides of the room. The electrician or 
maintenance worker could accidentally make contact 
with live parts and be in series with phase-to-phase 
voltage or be in series with a hot phase and the 
grounded metal of the electrical equipment. Either 
condition could produce a fatal shock. 
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Figure 9-2. Three conditions determine working clearances of 
electrical equipment less than 600 volts. 


Location of Electrical Equipment — 110-16 
(b,c,d,e,f). Electrical equipment must be located 
where adequate working space is accessible, well- 
illuminated, and meets minimum headroom require- 
ments (Figure 9-3). Working space in front of electrical 
equipment must not be used for storage. Overcurrent 
protection devices and mains must be accessible to 
the users in case of emergencies. Sufficient space shall 
be provided to allow equipment or hinged panels to 
open at least 90° in front of electrical equipment. 
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FROM DOORS PER 110-16(a). 
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Figure 9-3. Work space around electrical equipment must meet 
certain standards. See 110-16(b, c, d, e, f) 


MINIMUM WORK SPACE 
110-16(d) 


At least one entrance must be provided to the 
working space. Easy access to electrical devices is 
essential. Switchboards and motor control panels 
rated 1,200 amps or more and over 6’ wide must be 
accessible by at least one entrance 24” wide at each 
end of the equipment or the workspace must be 
doubled per 110-16, condition 1, 2, or 3. 

The minimum working space for electrical equip- 
ment is 36” from the front enclosure to the wall. 

Adequate lighting must be provided for the safety 
of personnel servicing electrical equipment from the 
front or rear when live parts are accessible. Such 
equipment includes service equipment, motor control 
centers, switchboards, panelboards, etc. Existing 
service equipment or panelboards of 200 amps or 
less installed in dwelling units are excluded from 
this rule. 

A minimum headroom of 6!’ is required for the 
safety of personnel servicing or operating service 
equipment, switchboards, panelboards, or motor 
control centers. Existing service equipment or panel- 
boards of 200 amps or less installed in dwelling units 
are excluded from this rule. 
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NUMBER OF SERVICES 
PERMITTED TO A BUILDING — 
230, PartA 


The general rule permits only one service drop or 
lateral to a building. However, a second service may 
be supplied for large loads. Second services are also 
permitted in large buildings. High-rise buildings may 
have additional service(s) to supply the large loads 
that multiple-occupancy buildings require. A plaque 
must be installed at each service drop denoting 
locations of all service drops for that building. 


Number of Service Drops or Laterals — 
230-2 

The following exceptions permit more than one 
service to supply a building to accommodate the load 
requirements (Figure 9-4). 


Exception No. 1. A separate service may be installed 
for fire pumps to ensure against the interruption of 
power to the fire pump. Overcurrent protection for the 
fire pump is set above the pump motor’s locked-rotor 
rating (230-90(a), Exception No. 4), and running over- 
load protection may be eliminated per 240-3(a). 
Ground-fault protection is not required for discon- 
necting means rated 1000 A or more supplied by a 
277/480-volt service. See 230-95(a), Ex. 2. 


Exception No. 2. A separate service is permitted to 
supply power to emergency lighting or power systems. 
If the main service is interrupted for any reason, the 
emergency lighting or power systems will provide 
power for lighting and equipment necessary for the 
safety of the occupants. 


Exception No. 3. An apartment complex or duplex 
and other types of buildings may be classified as 
multiple-occupancy when multiple tenants occupy 
the individual units. 

More than one service drop or lateral is permitted 
by special permission, provided there is no space 
available for the service equipment to be accessible 
to all of the occupants of the building. See 230-40, 
230-70, and 230-71(a). 

The NEC does not permit two or more separate 
sets of service-entrance conductors to be tapped from 
a service drop or lateral per 230-2, Ex. 3. See 
230-40. 
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Figure 9-4. Designing the number of service drops or laterals to a building. 


Exception No. 4. More than one service is permitted 
if the load requirements exceed 2,000 amps, or if the 
power company requires an additional service because 
of the size of the loads to be served. 


Exception No. 5. Buildings that cover a large area 
are permitted to have two or more services. When 
buildings cover large areas, it is impractical to supply 
the feeder to panelboards and switchboards from 
one location. Voltage drops from long runs of feeder 
conductors can create problems. It is more practical 
to supply the buildings at different locations with 
separate service drops or laterals. NOTE: This 
exception does not apply to high-rise buildings but 
only to buildings that cover a large area. 


Exception No. 6. By special permission, a building 
may have two or more services of different voltages. 
For example, a building may have a 277/480-volt 
service and a 120/208-volt service. In the case of a 
building operating on a special rate schedule, the 
NEC permits another service to supply special loads 
or equipment. Such loads or equipment usually have 
a different type of use. 


Exception No. 7. More than one set of laterals are 
permitted to supply a building. The laterals shall be 
grouped and located adjacent to one another per 
230-40, 230-71, and 230-72. This type of installation 
is permitted if #1/0 and larger conductors are used. 
The # 1/0 conductor must be paralleled at the supply 
end and may run to six or less service disconnecting 
switches or main service circuit breakers. 


Service Must Not Pass through One 
Building to Supply Another — 230-3 


Service conductors must not pass through one building 
or structure to supply another building. See 230-6. 

Service conductors installed in a duct or conduit 
and under at least 2” of concrete are considered out 
of the building and may pass under one building to 
supply another building. The service conductors may 
run on the outside or roof of one building to supply 
another building. Raceways with at least 2” of 
concrete or brick covering installed within a building 
are considered out of the building per 230-6. 


DESIGNING INSULATION AND 
SIZE OF SERVICE CONDUCTORS — 
230, PART A 


Different ampacities of conductors are listed in 
Table 310-16, Columns 1 through 9. These ampacity 
ratings are based on not more than three current- 
carrying conductors in a raceway at an ambient 
temperature of 30° C or 86° F. The ampacity of the 
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conductors varies with the type of insulation used to 
insulate the conductor. Conductors must be rated a 
certain size for the different types of service 
installations. All of the elements of the service must 
be adequately sized with the proper insulation for the 
condition of use involved. 


Conductors Considered Outside 

the Building — 230-6 

Service-entrance conductors are considered to be 
outside the building if they are under the building 
and are covered by at least 2” of concrete on all sides. 
Conductors in conduit or duct covered by at least 2” 
of concrete or brick in the building are also considered 
to be outside the building (Figure 9-4). 
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Figure 9-4. Service conductors are considered to be outside the 
building if they are under the building and under at least 2” of con- 
crete (on all sides of conduit), or if they are in the building but are 
in conduit or duct covered by at least 2’’ of concrete or brick. 


Designing Service-entrance Raceway 
or Cable with No Other Conductors 
Permitted in Raceway or Cable — 230-7 
No conductors other than the service-entrance conduc- 
tors are permitted in the service raceway or service- 
entrance cable. There are two exceptions (Figure 9-5). 


Exception No. 1. Grounding conductors may occupy 
the same raceway as the service-entrance conductors. 


Exception No. 2. Load management control con- 
ductors with overcurrent protection can share the same 
service raceway. 
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Figure 9-5. Control conductors or grounding conductors may oc- 
cupy the same raceway as the service-entrance conductors. 
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Wiring Methods for Service-entrance 
Conductors of 600 Volts or Less — 
230-43 


Service-entrance conductors may be installed in 
raceways or service-entrance cables. Wiring methods 
permitted are: 

. Rigid metal conduit. 

2. IMC, 

3. EMT. 

AL PVC. 

5. Wireways. 
6. Busways. 
7 
8 


— 


. Auxiliary gutters. 
. Service-entrance cable. 
9. Mineral-insulated, metal-sheathed cable. 

10. Type MC cable. 

11. Cable bus. 

12. Open wiring on insulation. 

13. Flexible metal conduit (Greenfield) can be 

used in lengths not exceeding 6’ per 230-43. 
14, Liquidtight flexible nonmetallic conduit can be 
used in lengths not exceeding 6’ per 230-43. 

Three types of service-entrance cable may be used: 
SE, SE armored, and USE. 
Clearance from Building Openings — 
230-9 
Section 230-9 requires that service drops have a 3’ 
clearance from windows designed to be opened, 
porches, platforms, etc. Service-drop conductors at- 
tached above windows are considered out of reach. 
When a clearance of 3’ is maintained, the conductors 
are so difficult to reach that they are considered safe 
(Figure 9-6). Conductors between the service point 
and the service disconnecting means are considered 
service conductors per 230-10. 
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Figure 9-6. Minimum requirements for service drops near windows. 


DESIGNING OVERHEAD 

SERVICES — 230, Part B 

An overhead supply to a building is a service drop. 
These are the overhead conductors from the power 
company’s pole to the point of attachment to the 
building. These conductors must be a specific size 
and must have a minimum clearance from finished 
grade. 


Insulation of Service Conductors — 
230-22 


If the service drop consists of individual conductors 
supplying the building, all conductors must be insulated 
to protect against short-circuit conditions, either 
phase-to-phase or phase-to-ground. Any insulation 
approved for the purpose may be used for this type of 
drop. The neutral conductor may be uninsulated 
when the service-drop conductors are in the form 
of a multi-conductor cable. The insulation must be 
thermoplastic or thermosetting (Figure 9-7). 
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Figure 9-7. Service drops composed of individual conductors must 
be insulated. For service drops of multi-conductor cable, the neutral 
may be uninsulated. 


Size and Rating of Service-drop 
Conductors — 230-23 


Service-drop conductors must be at least #8 for 
copper or #6 for aluminum. Conductors of this size 
are not as likely to be stretched to a breaking point by 
winter ice or high winds. In special cases where the 
drop serves a small load of only one branch circuit 
(for example, a phone booth, small polyphase motor, 
controlled water heater, etc.), the drop conductors 
may be #12 hard-drawn copper. 


Proper Clearances for Service-drop 
Conductors — 230-24 


Service-drop conductors must not be readily acces- 
sible. Clearances must be provided to ensure pro- 
tection of the conductors and safety of persons 
around or under the drop. 

Part a requires service-drop conductors passing over 
roofs to be at least 8’ above the roof. Vertical clear- 
ances shall be maintained for at least 3’ in all direc- 
tions. There are three exceptions to 230-24(a) where 
the clearances may be reduced (Figure 9-8). 


Exception No. 1 requires minimum clearances for 
service conductors above roofs subject to vehicular 
travel shall comply with the requirements of 230-24(b). 

Exception No, 2 permits service-drop conductors to 
pass above roofs at a height of 3’ when the roof has 
a slope of at least 4” in 12”. The voltages between con- 
ductors shall not exceed 300 volts. An 8’ clearance 
shall be provided for all service-drop conductors above 
300 volts between conductors regardless of the slope 
of the roof. 

Exception No. 3 permits the service drop to be at- 
tached to a service conduit extending through the roof 
(service mast per 230-28), provided no more than 6’ 
of service drop conductors do not pass over more 
than 4’ of the roof. The attachment of the drop must 
be at least 18” from the conduit and roof line. 


eee POLE | 


3’ MINIMUM 


8’ MINIMUM 


NOT OVER 600 V SERVICE 


TO SERVICE POLE 


7c ae 


TO SERVICE POLE 
WITHIN 4° 


a NO MORE THAN 


6’ OF SERVICE 
CONDUCTOR 


230-24 
300 V OR LESS SERVICE 


Figure 9-8. Minimum requirements for service drops passing over 
roofs. 


Part b requires service-drop conductors rated 600 
volts or less to have minimum clearances above the 
ground. The clearances are based on the voltage 
levels to ground. The minimum clearance is based on 
the highest voltage rating of any one conductor to 
ground. (Figure 9-9). 


Point of Attachment — 230-26 

The minimum point of attachment to a building from 
finished grade is 10’ for a service drop. The point of 
attachment must always provide the minimum 
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Figure 9-9. Clearances of overhead service conductors. 


clearances required by 230-24. The minimum height 
required based on the voltage level to ground will 
give the proper clearance of the service drop above 
the finished grade for the area it passes over. 


Attaching Service-drop Conductors — 
230-27 


The service-drop cable may be attached to the 
service mast pipe or to the building. A variety of 
fittings are approved for attachment. On a building, 
the point of attachment may be on a wall or rafter 
(Figure 9-10). 


Service Masts for Service-drop 
Conductors — 230-28 


Service mast pipe must have adequate strength to 
hold the service drop without damage to the building 
structure. The weight of the service drop can strain 
the pipe mast when covered with ice or snow. High 
winds also cause strain on the service mast. Most 
power companys require at least a 2” rigid metal or 
2” IMC conduit for the service mast. 


END 


MAST ATTACHMENT RAFTER > 


RAFTER ATTACHMENT 


5/8” EYEBOLT 
d-i 


WALL 
230-28 


Figure 9-10. Service-drop conductors must be attached to the 
service mast pipe or the building by approved means. See 230-27. 
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Supports for Service Drops Passing 
over Buildings — 230-29 


Service-drop conductors passing over buildings should 
be supported by poles installed on each side of the 
building. The height of these poles must provide 
clearance according to 230-24. When service-drop 
conductors must be attached to a building, they 
should be supported by an A-frame, cradle, or cross 
arm (Figure 9-11). 


CLEARANCES 
PER NEC 230-24 


SERVICE HEAD 
SERVICE DROP 
SUPPORTS 


a POINT OF ATTACHMENT 


SERVICE POLE 


Figure 9-11. Service-drop conductors passing over buildings 
must be adequately supported. 


DESIGNING AND USING 
UNDERGROUND SERVICES — 
230, PART C 


An underground service is called a lateral. It may be 
connected to a pad-mounted transformer or run 
underground and up a pole to be connected to an 
overhead transformer mounted on the pole. The 
lateral may connect to a terminal box or meter either 
inside or outside the building. Tap conductors to the 
lateral then become the service-entrance conductors 


and are run to and connected to the service equipment 
(Figure 9-12). 


PAD-MOUNTED TRANSFORMER 


SERVICE SWITCHES 
BUILDING 
METER 


SERVICE-ENTRANCE 
CONDUCTORS 
LATERAL COULD TERMINATE 


IN PAD-MOUNTED OR POLE- 
MOUNTED TRANSFORMER 


Figure 9-12, Laterals may terminate in a pad-mounted transformer 
or may be run up a pole to a pole-mounted transformer. 


Insulation for Service Lateral 
Conductors — 230-30 


Service lateral conductors must be insulated for the 
applied voltage of the system. The insulation may be 
of any type equivalent to the system voltage and 
rated for the condition of use. If the service lateral 
conductors are installed in conduit, the grounded 
neutral conductor may be bare when used in a cable 
assembly. A bare copper conductor may be directly 
buried if soil conditions will not deteriorate the 
copper. Aluminum conductors may be bare only 
when used in a cable assembly (Figure 9-13). 
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CONDUCTOR MAY BE BARE 


230-30 


Figure 9-13. Using a bare copper or aluminum conductor in 
conduit, cable, or underground. 


Size and Rating of Service Lateral 
Conductors — 230-31 


Underground service conductors (laterals) must have 
sufficient ampacity to carry the load of the building 
(Figure 9-14). The size of the service conductors 
must not be smaller than #8 for copper and #6 for 
aluminum. The grounded neutral conductor must be 
sized to carry the total neutral load of the building. 

The maximum unbalanced neutral load would be 
the total amperage minus the phase-to-phase amperage 
used by loads operating on single-phase or three- 
phase current. If the loads of the premises require 
only 240 volts, single-phase, or 240 volts, three- 
phase, the grounded neutral conductor must be 


routed with the phase conductors as required per 
250-23(b). 

The grounded neutral conductor must always be 
as large as the grounding electrode per 250-23(b), 
Exception. NOTE: For a single branch circuit supply- 
ing limited loads, a #12 copper or #10 aluminum may 
be used. For voltage drop, see 230-31(c), FPN. 


psoas COPPER OR #6 
ALUMINUM CONDUCTORS 


SERVICE CABLE 


230-31 


Figure 9-14. The smallest conductors permitted for a lateral are 
#8 copper or #6 aluminum conductors. 


DESIGNING THE SIZE OF THE 
SERVICE-ENTRANCE 
CONDUCTORS — 230, PART D 


The service-entrance conductors must be sized large 
enough to supply the loads of the premises. They 
must be insulated, except for the grounded neutral 
conductor, which may be bare when in a service cable 
or raceway. 


Number of Service-entrance Sets—230-40 


A service drop or lateral can supply service to only 
one set of service-entrance conductors. Exception 
1 permits service-entrance conductors to be run to 
each occupancy or group of occupancies in a multi- 
ple occupancy building. Exception 2 permits one 
set of service-entrance conductors from a single ser- 
vice drop or lateral to supply two to six disconnect- 
ing means for separate loads. 


Insulation for Service-entrance 
Conductors — 230-41 


The hot phases of the service-entrance conductors 
must be insulated to prevent short circuits to ground 
or phase-to-phase shorts. The grounded neutral 
conductors may be bare when they are of an approved 
cable assembly or are pulled in conduit. An under- 
ground cable assembly may be buried in the earth 
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with a copper or bare aluminum grounded neutral 
conductor. The NEC allows a bare grounded neutral 
conductor made of copper to be buried in the earth 
where soil conditions will permit. When the service- 
entrance conductors are open wiring, all conductors 
must be insulated, including the grounded neutral 
conductor (Figure 9-15): 


SERVICE HEAD 
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CONDUIT 
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XS COPPER CONDUCTOR 
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B 


Figure 9-15. Grounded conductors may be bare if in conduit, 
cable, or in the earth. All conductors used for open wiring must be 
insulated. 


GROUNDED NEUTRAL 
CONDUCTOR MAY BE BARE 
IN THE EARTH IF SOIL 
CONDITIONS PERMIT 


GROUNDED NEUTRAL AND 
PHASE CONDUCTORS MUST 
BE INSULATED 


= OPEN CONDUCTORS 


230-41 


Size and Rating of Service-entrance 
Conductors — 230-42(b) 


Conductors must have an ampacity sufficient to 
carry the total load of the premises according to the 
provisions of Article 220. The ampacities must be 
determined and selected from Tables 310-16 through 
310-19, and all applicable notes must be applied. 

Part b of 230-41 gives the minimum size and rating 
of the ungrounded conductors (hot phase conductors) 
as follows (Figure 9-16). 

1. A one-family dwelling with six or more two-wire 
branch circuits must have a 100 A minimum three-wire 
service. This would require #3 THW copper conductors 
or #4 THW copper conductors per Note 3 of Notes to 
Ampacity Tables of 0 to 2000 Volts. 

2. A single-family dwelling with a computed load 
of 10 kVA or more must have a minimum 100-amp, 
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three-wire service. Note 3 may be applied the same 
as in the preceding case. 

3. For services of less than 10 kVA and with less 
than six branch circuits, a 60-amp minimum size 
service is required. The minimum size conductors 
required are #6 for THW or THWN copper or #4 for 
THW or THWN aluminum. 


Exception No. 1. Size #8 copper conductors may 
supply loads for one or two two-wire branch circuits. 


Exception No. 2. The authority having jurisdiction 


may grant special permission to use #8 copper 


conductors. 


Exception No. 3. Size #12 copper conductors may 
supply limited loads to a single branch circuit. The 
grounded neutral conductor must be at least the size 
required by 230-42(bX3), Ex. 3 and 220-22. 


a SERVICE HEAD 


uw SERVICE CONDUCTORS 
SEE NOTES A,B, AND C 


a SERVICE METER 


SERVICE PANEL 
% SEE NOTES A,B, ANDC 


230-42(b), (1X23) 


: Service conductor rating of 100 amps or more 
if panel has six or more two-wire circuits. 


: Service conductor rating of 100 amps or more 
if panel has 10-kVA or larger load. 


: Service conductor rating of 60 amps or more 
for other loads. 


Heute 9-16. Service conductors must be sized to carry their 
oads. 


DESIGNING AND INSTALLING 
SERVICE-ENTRANCE 
CONDUCTORS — 230, PART D 


Service-entrance conductors may be installed in 
various wiring methods and types of enclosures. 
Service-entrance conductors must meet stringent 
requirements to ensure protection from physical 
damage. 


Service With Unspliced and Spliced 
Conductors — 230-46 


The basic rule does not permit service-entrance 
conductors to be spliced unless one of the following 
exceptions applies (Figure 9-17). 


Exception No. 1. Service-entrance conductors may 
be spliced in metering equipment enclosures. 


Exception No. 2. Two to six entrance switches may 
be tapped to the same service entrance if grouped 
in a common location. See also 230-7 1(a). 


Exception No. 3. A splice in the service-entrance 
conductors is permitted when changing from one 
wiring method to another. For example, Type USE 
cable could be installed underground outside and a 
less expensive cable of a different type could be used 
inside the building. This exception also applies when 
changing the wiring method from rigid conduit to 
EMT conduit. 


Exception No. 4. A splice or break in the service- 
entrance conductors is permitted so that ameter may 
be relocated to the outside from the inside of the 
building. This exception applies where a meter 
formerly existing in the building has been removed to 
the outside of the building. 


Exception No. 5. Connection and assembly of 
busways with various sections and fittings is permitted. 
Without this exception, connecting busways could be 
considered as splicing the service entrance, since 
busways come in different lengths ready to assemble 
in the field. 


Protection of Open Conductors and 
Cables Installed above Ground — 
230-50 


The following rules and provisions must be followed 
when installing open wiring and service cable: 

1. Open wiring on insulators must not be installed 
within 10’ of the ground or finished grade. 

2. Open wiring must be installed in such a manner 
as to be protected from physical damage or mechanical 
injury. 

3. If service-entrance cable is subject to physical 
damage, the cable must be protected by conduit, 
EMT, IMC, or other approved method. If the cable is 
installed near awnings, shutters, driveways, or coal 
chutes, protection must be provided. 
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Figure 9-17. Service-entrance conductors may be spliced by ap- 
plying 230-46, Exceptions No. 1, 2, 3, 4, 5. 
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Mounting Supports for Service Cables 
and Open Wiring — 230-51 


The following requirements are designed to support 
service cables and open wiring safely. If service- 
entrance cable is approved for mounting directly to 
the wall, the cable must be strapped within 30” in- 
tervals and within 12” of the service weatherhead. 
If the service cable is not approved for mounting 
directly to the wall, the cable must be installed on 
insulators spaced at least 15’ apart. The service cable 
is required to have at least a 2” clearance from the 
wall. 

When open wiring on insulators is installed inside 
a building, supports must be provided at intervals not 
exceeding 30”. The conductors must be spaced at least 
2’-6” apart, and a 1” space must be maintained from 
the wall. Table 230-51(c) gives the minimum clear- 
ances in inches for individually open conductors 
(Figure 9-18). 


BUILDING 


SERVICE DROP 
a SUPPORTS 


30” 


MAXIMUM 


aia 


— WIRING MUST BE SET OFF 
FROM WALL AT LEAST 2” 
230-51 


Figure 9-18. Service-entrance cable mounting requirements for 
open wiring on insulators mounted on walls. 


INDIVIDUAL CONDUCTORS 
ENTERING BUILDINGS OR 
OTHER STRUCTURES — 230-52 


Where individual conductors enter a building through 
the roof, they must enter through roof bushings. 
Where individual conductors enter through the wall, 
they must pass through nonabsorbent insulating tubes. 
The tubes must be slanted to prevent rain from enter- 
ing and the conductors must be provided with drip 
loops (Figure 9-19). 


Raceways to Drain — 230-53 


Service conductors routed in EMT, IMC, rigid con- 
duit, PVC, etc. must be equipped with raintight fit- 
tings with a drain hole provided in the service ell at 
the bottom of the run. In all cases, a means must be 
provided to drain off condensation. (Figure 9-20). 


Service Head Connections — 230-54 


Whether the service entrance is a service cable or 
individual conductors in conduit, it must be run to a 
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Figure 9-19. Requirements for open conductors entering a building 
through the roof or wall. 
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Figure 9-20. Outdoor service raceways must be equipped with rain- 
tight fittings with drain holes for condensation. 


point well above the service drop. 

In some cases, this requirement cannot be met 
because of the overhang of the roof. The NEC 
provides an exception for cases where the service- 
entrance cable or conduit cannot be installed above 
the service drop. When it is impractical to have the 
service head above the service drop, the service head 
may be below the service-drop attachment. However, 
the service head cannot be over 24” from the point of 
attachment of the service drop. The 24” distance is a 
straight-line distance between the service head and 
the service drop’s point of attachment (Figure 9-21). 

The top of the service-entrance conduit (if used) 
must be fitted with a rain-tight service head (weather- 
head). This service head is equipped with individual 
holes to bring each conductor through for connection 
to the service-drop conductors. 

If service-entrance cable is used, a gooseneck or 
shepherd’s crook is formed on the cable. The service- 
entrance cable is stripped back to permit the 
conductors to be spliced to the service-drop con- 
ductors. The cable is then taped and painted, or 
plastic-coated, for protection from the weather. A 
clamp-on type of service cable weatherhead may be 
used in lieu of the gooseneck method. 

When a weatherhead fitting is used, the head must 
be installed to minimize entrance of rain during 
storms that produce driving rains (Figure 9-22). 
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Figure 9-21. The service head should be located above the service 
drop. If it cannot be located above the service drop, it must be within 
24” of the point of attachment. 
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Figure 9-22. The service-entrance cable must be formed in a 
gooseneck or shepherd’s crook and taped and sealed for protection 
from the weather. 


Service Equipment Termination 
Methods — 230-55 


Any service raceway or cable must terminate in a 
terminal box, cabinet, disconnecting switch, panel- 
board, switchgear, or similar type of enclosure located 
in the building. This enclosure must enclose all live 
parts of the service equipment. If the service entrance 
ends at an open-type switchboard, no terminating 
box is required. Bushings must be used on conduit to 
protect conductors leaving the conduit. 


Identifying Higher Voltage to Ground — 
230-56 


In a three-phase, four-wire, delta-connected service, 
where the midpoint of one phase is the ground, one 
phase leg will have a higher voltage to ground. The 
conductor with the higher voltage to ground must be 
marked orange or identified by other effective means 
(Figure 9-23). This identification of the conductor 
with the higher voltage to ground will prevent an 
electrician from connecting a 120-volt load to the 
208-volt-to-ground (high-leg) conductor. Higher 
voltage would damage the 120-volt equipment. 
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Figure 9-23. The conductor with the higher voltage to ground on 
a delta system must be colored orange or marked with other suit- 
able means. 


DESIGNING GUARDING AND 
GROUNDING OF SERVICE 
EQUIPMENT — 230, PART E 


Live parts of service equipment must not be exposed 
to accidental contact by personnel. Live parts that 
are not enclosed must be guarded to provide protection. 
Grounding and bonding service equipment is essential 
for safe and effective operation of the electrical 
system. 
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Service Equipment to Be Enclosed or 
Guarded — 230-62 


The live parts of service equipment must be enclosed 
in a box, panel, cabinet, or other enclosure to prevent 
accidental contact with live parts. The live parts on 
switchboards are not required to be enclosed if they 
are guarded according to the provisions of 110-17 
and 110-18. 


Grounding and Bonding Service 
Equipment Elements — 230-63 


Service equipment and all the elements that make up 
the service must be grounded according to 250-32. 
Elements of the service equipment to be grounded 
include the following: 

Service entrance conduit. 

. Metal sheath of cable. 

Metal armor of cable. 

Metal base housing. 

Service disconnecting means and enclosure. 
Grounded (neutral) conductor. 


sea ee 


Available Short-circuit Current at 
Service Equipment Terminals — 230-65 


Service equipment must be able to withstand the 
available fault-current that the power company’s 
transformer could deliver to the service equipment 
terminals in case of a short-circuit condition. Circuit 
breakers and other current-carrying parts must have 
interrupting capacity equal to the short-circuit current 
that the equipment may have to carry. The equipment 
must be able to carry such high currents without 
damage occurring. Fuses that are current-limiting 
may be installed. These fuses limit the let-through 
current to a value that will not damage the service 
equipment. 

Overcurrent protection devices must be selected 
to ensure proper interrupting rating and provide 
protection of components from available short- 
circuit currents due to the power companies’ 
transformer. The interrupting rating of the over- 
current protection device is the ability to interrupt 
or open the circuit under short-circuit conditions. 

Instantaneous short-circuit currents (fault cur- 
rents) depend on the rating of the supply voltage 
and the resistance of the conductors. A short-circuit 
on the load side of the service equipment produces 
a greater value of fault current than a short-circuit 
down stream in the electrical system. The resis- 
tance of the conductors between the service and 
some point within the building wiring system ac- 
cumulates to reduce the fault current. 

Transformers located close to a building with 
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short runs of conductors to the service equipment 
will produce higher values of fault currents. If the 
utility transformers are located away from the 
building and the run of the service conductors ex- 
tend into the building, the resistance of the con- 
ductors from the transformer to the terminals of 
the service equipment will reduce the fault cur- 
rents in most cases to a safe value. The table in 
Figure 9-24 can be used as a guide to select the proper 
IC ratings of overcurrent protection devices for the ser- 
vice equipment without applying extensive computa- 
tions. 


IC Rating 


10,000 A 
42,000 A 
42,000 A 
42,000 A 
30,000 A 


Ampacity of Service Service Rating 


120/240 V 1PH 
120/240 V 1PH 
120/208 V 3PH 
120/240 V 3PH 
480 V 3PH 


Not more than 200 A 
Not more than 600 A 
Not more than 2000 A 
Not more than 2000 A 
Not more than 1200 A 


Figure 9-24. Finding IC ratings of fuses or circuit breakers using 
rule-of-thumb method. NOTE: Actual computations may vary from 
values given in this table. 


Figure 9-25 illustrates a simple procedure for deter- 
mining the short-circuit currents used to select IC 
ratings of overcurrent protection devices to protect the 
elements and components of service equipment. 


DESIGNING DISCONNECTING 

MEANS FOR SERVICE EQUIPMENT 

— 230, PART F 

There must be a service disconnecting means at each 
service. It must disconnect all of the ungrounded 
phase conductors from the power supply. Also, it 
must be permanently marked to identify it as a 
service disconnecting means. When more than one 
disconnecting means exist, they must be groupedina 
common location. 


Marking — 230-66 


Service equipment shall be identified as being suitable 
for use as service equipment. See 230-70(a)(b)(c). 


Location of Service-entrance 
Disconnecting Means — 230-70(a) 

The service-entrance disconnecting means for all 
premises must be located in a readily accessible 
location. This location must be as close as possible to 
where the service-entrance conductors enter the 
premises and connect to the terminals of the service 
equipment (Figure 9-26). 

Maximum Number of Disconnecting 
Means — 230-71 


The service disconnecting means for each service- 
entrance conductor must consist of not more than six 
switches or six circuit breakers mounted in a single 
enclosure, a group of separate enclosures, or in or on 
a switchboard. If used for power, a panelboard may 


have up to six circuit breakers in a single enclosure. 
The air conditioner, water heater, heating unit, 
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PROBLEM: What is the short-circuit current? 


STEP 1: Find transformer AMS. 


kVA x 1000 _ A (TFLC) 
ESX VS 


150 x 1000 
i 208 x 1.732 CANE) 


Find short-circuit current (L-L at transformers 
terminals). 


TFLC 
Z 


417 A 
1025 


SCC = 16,680 A 


Find f value (see manufacturers’ table of C 
values). 

ie) 34 1b l] 

C x E (LL) 


1.73 x 80’ x 16,680 A 
16,500 x 208 V 


= {ays} 
Find M value. 


SCC = 


SIG = 


ae if 


B 1 
— 1 + .673 


= .598 


Find L to L short-circuit current at service 
equipment. 


SCC at service equipment = 
SCC at transformer x M value 


SCC = 16,680 A x .598 
SCC = 9974.64 A 


ANSWER: SCC = 9974.64 A 


Figure 9-25. Finding line-to-line (L-L) and line-to-neutral (L- 
N) short-circuit current using simple method, 
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Figure 9-26. The service disconnecting means must be installed 
either outside or inside the building in a readily accessible location 
near the entry of service-entrance conductors. 


range, dryer, and general-purpose circuits may be sup- 
plied by six subdivisions in a single enclosure (Figure 
9-27). 

A main circuit breaker ahead of the other circuit 
breakers in a panel is considered as only one 
subdivision. One operation of a person’s hand would 
shut the power OFF to the other circuit breakers 
serving the loads of the premises. Six separate 
disconnecting means or six separate circuit breakers, 
each in single enclosures, could serve as the dis- 
connecting means for the service. The separate 
enclosures would be tapped from the service-entrance 
conductors and the load side run to various loads. Six 
operations of the hand would shut OFF the entire 
service (Figure 9-28). 


e ACCESS TO OCCUPANCIES 
240-24(b), Ex. 
230-72(c), Ex. 
230-91(b), Ex. 
e WHERE LOCKED 
230-92 
230-93 
240-24(a), EX. 3 


e NUMBER OF DISCONNECTS 
230-7 1(a) 

¢ GROUPING OF DISCONNECTS 
230-72(a) 


PANELBOARD WITH 
SIX DPCB’S OR LESS 


230-71(a) 


Figure 9-27. If used for power circuits, there can be two to six 
subdivisions installed in a single enclosure. Additional disconnect 
for control circuit to GFP is not counted as one of the six service 
disconnects per 230-71(a), Ex. 
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Figure 9-28. Two to six disconnecting switches or main circuit 
breakers installed in separate enclosures are counted as two to six 
subdivisions in a service. 


Grouping Service Disconnecting 
Means — 230-72 


Disconnecting means used to disconnect the service 
to a premise must be grouped in a common location 
and accessible so that the service power may be shut 
OFF with six or less operations of the hand. 

Part a permits the two to six disconnecting means 
to serve as the disconnecting means for a dwelling 
unit, apartment house, condominium, or other type 
of premises. Disconnects must be marked to identify 
the load they serve. The six or fewer disconnects are 
required to be grouped in a common location. If more 
than six disconnects are required, a main disconnect 
must be placed ahead of the disconnects to comply 
with the rule of no more than six subdivisions to a 
service or meter (Figure 9-29). 


2 DISCONNECTS 5 DISCONNECTS 


3 DISCONNECTS 6 DISCONNECTS 


NE 
4 DISCONNECTS 230-72(a) 


230-80 
230-90(a), Ex. 3 


Figure 9-29. Two to six disconnecting switches or circuit breakers 
installed as the service disconnecting means must be grouped. 
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Two exceptions that permit the switches to be 
ungrouped are: 

1. Services complying with the provisions of 
230-2. 

2. A remote water pump used to fight fire. 

Part b permits the disconnect for fire pumps or 
emergency services to be located away from regular 
service. See 230-2. 

Part c requires that all occupants in a multiple- 
occupancy building have access to the disconnecting 
means for their occupancies. Refer to Figure 9-27. 


Disconnecting Means to Open All Poles 
Simultaneously — 230-74 


The disconnecting means must disconnect the 
ungrounded conductors of the power supply simul- 
taneously. This must be done whether a disconnecting 
switch or circuit breaker is used. The grounded 
(neutral) conductor is not required to be disconnected 
(Figure 9-30). 


Disconnecting Grounded Conductor — 
230-75 

If the disconnecting means does not disconnect the 
grounded (neutral) conductor, means must be provided 
to do so in case the grounded conductor must be 
removed for any reason. Normally, the disconnection 
is made by manually removing the neutral from the 
terminal bar or bus (Figure 9-31). 


CB OPENS ALL UNGROUNDED 
CONDUCTORS LINE 


ea LOAD a 


DISCONNECT SWITCH OPENS 
ALL UNGROUNDED CONDUCTORS 


230-74 


Figure 9-30. The service disconnecting means must simultaneous- 
ly open all ungrounded conductors to the service. 


Disconnect Rating — 230-79 


The main disconnecting means must be large enough 
to carry the computed load it supplies. A 15-amp 
disconnecting means may be used to supply a small, 
single-load branch circuit. For one or two two-wire 
branch circuits, a 30-amp disconnecting means may 
be used. 

A three-wire, 100-amp minimum rated service 


DISCONNECT SWITCH 
Bee COULD OPEN ALL UNGROUNDED 
= CONDUCTORS INCLUDING 
THE NEUTRAL LINE 


NEUTRAL 
BRIDGED 
ACROSS 
TERMINALS 
LOAD 


LOAD TERMINAL LUGS ALLOW 


REMOVAL OF NEUTRAL 


230-75 


Figure 9-31. Means must be provided to disconnect the grounded 
conductor. 


disconnecting means may be used to supply a single- 
family dwelling having a load of 10 kVA or having six 
or more two-wire circuits. For installations having a 
load below 10 kVA or six two-wire circuits, a 60-amp 
switch is required. 


Combined Rating of Disconnects — 
230-80 


Up to six switches or circuit breakers may be used as 
the disconnecting means for the service equipment 
of a premises. The combined rating of the switches 
shall not be less than that required for a single switch 
or circuit breaker. See 230-90(a), Ex. 3. 


Equipment Connected to Supply Side 
of Service Equipment — 230-82 


Certain types of equipment may be connected in the 

line ahead of the service disconnecting means. This 

is the supply side. The types of equipment permitted 

are: 

1. Cable limiters. 

2. Fuses and circuit breakers. 

3. Meters rated under 600 volts with grounded 
enclosures. 

4. Surge protection devices. 

5. Instrument transformers. 

6. Time switches for control. 

7. Fire and sprinkler alarms. 

8. Equipment for fire pumps. 

9. Systems used for standby power. 

0. Ground fault protection. 


Transfer Equipment — 230-83 


A double-throw switch is used to transfer the alternate 
source of supply in case the main service is lost for 
any reason. The transfer switch must disconnect the 
main service before connecting the alternate source 
of power (Figure 9-32). See 100. 


MAIN SOURCE OF POWER 


ALTERNATE SOURCE 
OF POWER 


TRANSFER SWITCH 


SERVICE EQUIPMENT 


230-83 


Figure 9-32. The transfer switch must open all ungrounded con- 
ductors from the main service before connecting the alternate source 
of power. 


Disconnecting Means for More Than 

One Building — 225-8 

If more than one building is on the same property and 
under the same management, each building is required 
to have a separate disconnecting means. The dis- 
connecting means must be located in or on each 
building in readily accessible locations and as close 
as possible to the point where the conductors enter 
the building. It must be readily accessible to all 
occupants of the building. The disconnecting means 
is required to be a type suitable for use as service 
equipment. Three-way or four-way snap switches 
may be used to disconnect garages or outbuildings 
located on residential property. A snap switch may 
be used to disconnect lights and receptacles installed 
in garages or outbuildings located away from the 
house (Figure 9-33). See 225-8(b), Ex. 1, 2 and 250- 
24(c). 


SERVICE-ENTRANCE 
CONDUCTORS 


MAIN BUILDING 


MAIN SERVICE 
SWITCHES 


DISCONNECTING MEANS 


BUILDING #2 


DISCONNECTING MEANS 


BUILDING #1 e 


Figure 9-33. If more than one building is on the same property 
and under single management, each building must have its own 
disconnecting means. 


NOTE: SEE 
225-8(b), Ex. 1,2; s 
225-9; 250-24(a)(b)(c) 225-8 
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DESIGNING OVERCURRENT 
PROTECTION FOR SERVICE 
EQUIPMENT — 230, PART G 


Overcurrent protection devices must be provided in 
each ungrounded conductor to protect the service 
equipment. Overcurrent protection devices must not 
exceed the rating of the service-entrance conductors 
unless an exception applies. 


Overcurrent Protection Required — 
230-90(a) 

Overcurrent protection devices must be no greater in 
rating than the current-carrying capacity of the 
service-entrance conductors. For example, a #3 
THW copper conductor must be protected by a 100- 
amp overcurrent protection device (Figure 9-34). There 
are four exceptions to the rule for sizing the overcur- 
rent protection for services (Figure 9-35). 


i ee SERVICE-ENTRANCE 


CONDUCTORS #3 THW 
COPPER (100 A) 


100 A FUSES 


230-90(a) 


Figure 9-34, Overcurrent protection devices must not exceed the 
current-carrying capacity of the service-entrance conductors. 


Exception No. 1. Motors may be overfused 
according to the provisions of 430-52, 430-62, or 
430-63. Motors have high inrush starting currents, so 
overcurrent protection devices must be sized to carry 
this current until the motor attains running speed. 


Exception No. 2. The next higher standard fuse or 
circuit breaker may be used when the setting or 
rating does not correspond to the current-carrying 
capacity of the service conductors. Section 240-3(b) 
permits this type of installation. Section 240-6 lists 
the standard ratings of fuses or circuit breakers. 


Exception No. 3. Up to six circuit breakers or six 
sets of fuses are permitted in a service-entrance 
panel to serve as the overcurrent protection for a 
service. For example, a 300-amp service entrance 
could have six 60-amp circuit breakers installed in 
the panel. The total rating would be 360 amps, which 
is above the 300-amp rating of the service. The 
service is permitted to be protected at 360 amps, but 
the load must be limited to the ampacity of the 
service conductors. 


218 DESIGNING ELECTRICAL SYSTEMS 


Exception No. 4. The overcurrent protection device 
for a service supplying a fire pump must be fused 
high enough to carry the locked-rotor current of the 
fire pump. Only a short circuit will clear the over- 
current protection device. This exception permits 
overfusing so that the pump can fight fire until a short 
develops. 

NOTE: Fused means fuses or circuit breakers or 
other types of circuit protection are used. 


a OVERCURRENT PROTECTION 


DEVICE MUST COMPLY WITH 
430-52, 430-62, OR 430-63 


as CONTROLLER 


es MOTOR 
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OVERCURRENT PROTECTION 
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RUNNING SPEED 


FUSES 


EXCEPTION 2 


IF NOT STANDARD SIZE, 

THE NEXT HIGHER STANDARD 
SIZE OVERCURRENT 
PROTECTION DEVICE 

IS USED 


Overcurrent Protection Required — 
230-90(b) 

An overcurrent protection device in the grounded 
(neutral) conductor is not permitted unless it is a 
circuit breaker. An individual fuse could blow and 
not open all the circuit conductors and the grounded 
(neutral) conductor at the same time. 


SERVICE HEAD 


SERVICE DROP 


METER a 


EXCEPTION 3 
TWO TO SIX CBs OR 
FUSES MAY SERVE AS 
OVERCURRENT 
PROTECTION DEVICES 


SERVICE CONDUCTORS 
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CURRENT OF FIRE 
PUMP MOTORS 


230-90(a) 


Figure 9-35. Applying exceptions to size overcurrent protection devices for services. 


Location of Service Overcurrent 
Protection Device — 230-91 


The service overcurrent protection device must be 
an integral part of the service disconnecting means 
and located immediately adjacent to the service. A 
disconnecting switch that is fused would comply with 
this requirement. 


Overcurrent Protection Required — 
225-9 


A property with more than one building under single 
management may have its overcurrent protection 
devices grouped in one building. A feeder circuit may 
supply the power to each of the other buildings, 
provided the disconnecting means to each building is 
accessible to the occupants of that building. The 
overcurrent protection devices may be located at the 
first building, with only the disconnecting means at 
each of the other buildings (Figure 9-36). 


SERVICE-ENTRANCE 
Ve CONDUCTORS 
DISCONNECTING MEANS 


WITH NO OVERCURRENT 
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OVERCURRENT 
PROTECTION PROVIDED 
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DISCONNECTING MEANS 
WITH NO OVERCURRENT 
PROTECTION PROVIDED 


NOTE: SEE 225-9 
225-8(b), Ex. 1,2; 
250-24 


Figure 9-36. The overcurrent protection devices in the main build- 
ing may protect the panels in other buildings. Disconnecting means 
must be accessible to all occupants. 


Accessible to Occupants — 230-91(b) 


Up to six disconnecting means may be tapped to the 
main service-entrance conductors without a main 
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disconnecting means ahead of the six disconnecting 
means. Each occupant or user must have access to the 
disconnecting means and overcurrent protection 
devices for the service. 


Location of Branch-circuit Overcurrent 
Protection Devices — 230-92 


If an individual branch circuit or feeder is supplied 
by a fuse or circuit breaker, and if the enclosure is 
locked in such a manner that the devices cannot be 
reached, an additional fuse or circuit breaker must be 
installed with a lower rating. This device must be 
accessible to the user. The fuse with the lower rating 
will trip in case of trouble and cannot be reached to 
be reset. Naturally, it is possible a fault could trip both 
devices (Figure 9-37). 


i SERVICE METER 


LOCKED OR SEALED 
PANEL 


DEVICE WITH 
HIGHER RATING 


ACCESSIBLE DEVICE 
WITH LOWER RATING 
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230-92 


Figure 9-37. If the overcurrent protection device supplying an in- 
dividual feeder is locked or sealed, an additional fuse or circuit 
breaker with a lower rating must be installed accessible to the user. 


Protection of Specific Circuits — 
230-93 


When a water heater or other appliance is served on a 
rate schedule by the power company, a connection 
ahead of the meter is permitted. Locking the equip- 
ment prevents unauthorized persons from having 
access to the overcurrent protection devices protecting 
the circuit (Figure 9-38). 
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Figure 9-38. A connection ahead of the main may be made to sup- 
ply a flat rate circuit serving a specific load, such as a water heater. 


Ground-fault Protection — 230-95 


Grounded wye-connected services of more than 150 
volts to ground having disconnecting means of 1,000 
amps or more must be protected by ground-fault 
protection. The maximum setting permitted for the 
ground-fault device is 1,200 amps, with the service 
disconnecting means rated at 1,000 amps or more. 
The maximum time delay must be one second for 
ground-fault currents equal to or greater than 3,000 
amps. Delta-connected services do not require ground- 
fault protection. 

In 277/480-volt, wye-connected systems, ground- 
fault protection must be provided (Figure 9-39). Test- 


277/480 V TRANSFORMER 


WYE-CONNECTED 
“SERVICE OF MORE THAN 
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RATED 1,000 A OR MORE 
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PROTECTION 
TRIP SETTING 1,200 A 


MAXIMUM 


230-95 


Figure 9-39. Ground-fault protection must be provided for wye- 
connected services of over 150 volts to ground but not exceeding 
600 volts. 


ing and calibration of the ground-fault system must 
be done on the job site and not at the factory. 

The types of ground-fault detection used to sense 
low-magnitude ground-faults are: the donut method 
and the window method. The donut method consists 
of placing a current relay over the main bonding 
jumper to sense any current leaking to ground. The 
window method consists of placing the phase con- 
ductors and grounded neutral conductor in the 
window (ground-fault sensor) to sense any current 
leaking to ground. Low-magnitude fault-currents will 
be detected and the overcurrent protection device 
tripped open, clearing the system (Figure 9-40). See 
240-13 and 215-10 for feeder circuit requirements 
when installing GFIs. 
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Figure 9-40. Types of ground-fault detection for protecting services. 


DESIGNING SERVICE EQUIPMENT 
FOR SERVICES OVER 600 VOLTS — 
230, PART H 


High-voltage supply systems are used to feed service 
equipment to reduce the size of service conductors 
and equipment. If lower voltage systems are installed, 
the cost of conductors, raceways, and equipment 
is greater. If the voltage is raised, the current 
will decrease. If the voltage is lowered, the current 
will increase. This concept may be utilized to supply 
a large building with a high-voltage system using 
small conductors and conduit. Small buildings may 
be supplied with a low-voltage system using con- 
ductors and conduit suitable for the load requirements. 


Locating Service Point for Service Over 
600 Volts —100 


The service point is the point of connection between 
the facilities (equipment) of the power company and 
the premises’ wiring. The service point is ahead of 
the service-entrance equipment on the line side of the 
meter housing and service equipment. This section 
deals only with equipment located on the service side 
of the service point (Figure 9-41). 


OWNER’S TRANSFORMER 
IS SERVICE POINT 


POWER COMPANY 
TRANSFORMER 


PROPERTY LINE 


100 


Figure 9-41. The service point is considered to be the point of con- 
nection between the equipment of the power company and the 
owner’s equipment. 


Classification of Service Conductors to 
Premises — 230-10 


Buildings requiring large services to supply the load 
requirements are generally served by high-voltage 
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primaries with step-down transformers located at 
various places in the building. These transformers 
reduce the voltage to supply lighting, receptacles, 
and other types of loads. If the transformer is located 
in the building and belongs to the owner, the point of 
service is located at the transformer per 100. The 
point of service is the connection between the facili- 
ties of the utility and the owner’s wiring. The conduc- 
tors between the service point and the disconnecting 
means are the service conductors (Figure 9-42), 


DISCONNECTING MEANS 


Location 230-205 
600 V or less 230-70(a) 
Over 600 V 230-208(b) 
SERVICE POINT 
100 
BUILDING 
WALL 
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3, 480/277 V, 
FOUR-WIRE SECONDARY 


4160 V UTILITY SUPPLY 
230-10 


Figure 9-42. Buildings requiring large services may use step- 
down transformers. The conductors between the service point 
and disconnecting means are considered the service conductors. 


Wiring Methods for Service-entrance 
Conductors — 230-202 


High-voltage service-entrance conductors may be 
installed in any of the following wiring methods: 

1. Rigid metal conduit. 

2. Intermediate metal conduit (IMC). 
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3. Rigid nonmetallic conduit (PVC) where encased 
in not less than 2” of concrete. 

. Approved multi-conductor cable. 

. Open wiring on insulators. 

. In cablebus. 

. In busways. 


NOOO 


Warning Signs — 230-203 


When the voltage exceeds 600 volts, warning signs 
must be posted. These signs must clearly show that 
high-voltage systems are being used (Figure 9-43). 
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230-203; 110-34(c); 370-72(c); 
710-43; 710-45 


Figure 9-43, Where the voltage for service equipment exceeds 600 
volts, warning signs must be posted. 


Isolating Switches — 230-204 


An isolating switch is required for certain types of 
disconnecting means. This type of switch opens only 
when there is no load on the circuit. Isolation 
switches are used to disconnect the circuit after 
power is removed. Workers can service the equip- 
ment without danger of someone energizing the cir- 
cuit. Figure 9-44 illustrates the types of service discon- 
necting means that require an isolating switch. NOTE: 
Roll-out or pull-out equipment from switchgears or 
panel enclosures are not required to have isolation 
switches. 
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Figure 9-44, An isolating switch is required when an oil switch 
or circuit serves as the service disconnecting means. 


Disconnecting Means — 230-205 


The service disconnecting means must disconnect all 
ungrounded conductors simultaneously. It must be 
capable of being closed on a fault not less than the 
maximum available short-circuit current imposed on 
the terminals of the service equipment. The fuse 
characteristics may contribute to the fault closing 
rating of the disconnecting means. A disconnecting 
means must be available for the wiring system of the 
premises. This disconnecting means may be ahead of 
or near the defined service point. 


Disconnecting Means for Equipment 
Secondaries — 230-207 


The disconnecting means with overcurrent protection 
may be omitted in the secondary side of the trans- 
former if there is a disconnecting means located on 
the outside of the vault and if only one set of 
secondary conductors is connected to the common 
bus. 

The disconnecting means must be capable of being 
operated from outside the vault. Only one set of 
secondary conductors may be installed. If two or more 
sets of secondary conductors are used, the rule does 
not apply (Figure 9-45). 


PRIMARY 
CONDUCTORS 


VAULT 
Ne DISCONNECTING MEANS 
MAY BE OPENED OR 
CLOSED FROM OUTSIDE 
VAULT 
TRANSFORMER 


SECONDARY CONDUCTORS 
oe TO SERVICE EQUIPMENT 


230-207 


Figure 9-45. Disconnecting means with overcurrent protection may 
be omitted in the secondary side of the transformer if a disconnect- 
ing means is located on the outside of the vault and if only one set 
of secondary conductors is connected to the common bus. 


Services 223 


NOTE: Section 230-207 and 240-3(i) are the 
only NEC rules that permit the primary over- 
current protection device to provide protection 
for the secondary conductors. Unless one of these 
rules applies, the secondary conductors must have 
overcurrent protection provided in the secondary 
side. 

See 450-3(a) for protecting primary and secondary 
of high-voltage transformers rated at over 600 volts. 


Overcurrent Protection and 
Requirements for Service Conductors 
— 230-208 


An overcurrent protection device must be provided 
in each ungrounded conductor for service conductors 
operating at over 600 volts. This overcurrent pro- 
tection device protects against short-circuit condi- 
tions, but it does not protect against overload 
conditions. The overcurrent protection device must 
be installed on the load side of the service dis- 
connecting means or as an integral part of the service 
disconnecting means. A fuse rated in continuous 
amps not to exceed three times the ampacity of the 
conductor may be installed. A circuit breaker trip 
setting of not more than six times the ampacity of the 
conductors may be installed to protect against short 
circuits. 

High-voltage systems have a different characteristic 
than low-voltage systems. High-voltage systems will 
clear a short circuit much faster than low-voltage 
systems. If a short circuit developed on a high- 
voltage system, the minute the insulation of the 
conductor failed, the circuit device would respond. 
This is the reason such a high percentage may be 
applied to overcurrent protection devices protecting 
high-voltage service conductors (Figure 9-46). 
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Figure 9-46. Maximum ratings or settings of the overcurrent pro- 
tection device permitted for high-voltage services. 
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The general rule, without applying one of the exceptions, is that service- 
entrance conductors must not be spliced. 


Conductors other than service-entrance conductors must not occupy the 
same raceway unless an exception is applied. 


The disconnecting means for the service-entrance conductors must be readily 
accessible and located near the point of entrance. 


When more than one building on the same property is under single manage- 
ment, each building may be served by one disconnecting means located in the 
service equipment in the main building. 


The disconnecting means for a circuit controlling the ground-fault protection of 
a service is not counted as one of the six disconnects. 


The service point for services over 600 volts is the point of connection between 
the utility's equipment and the property owner's equipment. 


When service conductors rated over 600 volts are classified, secondary conduc- 
tors may be chosen as the service conductors where they terminate in the ser- 
vice disconnecting means. 


The maximum setting for ground-fault protection is 1,200 amps with a maximum 
time delay of five seconds for ground-fault currents of 3,000 amps or greater. 


The disconnecting means for service equipment must be suitable for use as 
service equipment. 


Under no conditions may cable limiters be installed on the line side of the 
service equipment. 


In multiple-occupancy buildings, all occupants must have access to the circuit 
breakers in their service equipment (general rule). 


A terminal or bus must be provided in the service equipment to disconnect the 
grounded conductor even when the service disconnecting means disconnects 
the ungrounded conductor. 


Each service may have eight disconnecting means to disconnect the service 
equipment. 


Two to six disconnecting means for each service may be ungrouped for easy 
access by the user. 


The smallest copper conductor permitted for an underground service-entrance 
conductor is #8 copper. 


The point of attachment to a building must be a minimum of 12’ from the 
finished grade. 


Aseparate service from the main service may be installed to supply afire pump. 
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Design Problems 


Enter the answer(s) to each question and the NEC section number(s) that supports your answer(s) inthe space 
provided. 


Section Answer 
23o- Z “6s ss 1.._: The capacity of a service exceeds 3,000 amps. Does the 
"à NEC permit a second service of 600 amps to be installed, 
permitting a second service drop? 
Ein- ze —— stl = 2. Therearefive underground #1/0 laterals feeding a building. 
á Does the NEC permit another lateral sized at #2/0 to supply 
the building? 


30-244 


- «Le 


3. Service-drop conductors passing over a flat roof must be a 
minimum of how many feet above the roof grade? 


4. Service-drop conductors of 300 volts or less pass over an 
overhang of at least 18”. How many feet must the service 
conductors be from the mast to the edge of the overhang? 


230- Fd nS ARA 5. Does the NEC permit service-drop conductors of 300 volts 
é or less to pass over the roof of a garage if the slope of the roof 
j is 4” in 12” and a 3’ clearance is maintained? 
coo” ne ee 6. Service-drop conductors must have a minimum clearance of 
how many feet from windows? 
G eD y r 
30 £& 10 7. The minimum point of attachment for a service drop to a 


building is how many feet? 


Underground service conductors must have sufficient 
ampacity to carry the computed load of the building. What is 
the minimum size allowed for conductors? 


May a grounded service conductor be bare when pulled in 
the service raceway on the line side of the service equipment? 


What is the maximum number of disconnects permitted for 
each service drop or lateral? 


The ungrounded hot service conductors for a computed load 
of 10 kW or more in a dwelling unit are required to have a 
minimum service of how many amps? 


The service equipment has seven two-wire branch circuits 
supplying loads in a dwelling unit. What minimum size service 


H is required? 
24 => Zz 13. How many inches of concrete must cover a conduit with 
service conductors for it to be considered outside the 
; building? 
236° 2968 be 14. Service-drop conductors of 300 volts or less to ground 


passing over residential property and driveways must be 
above the finished grade at what height? 


{ 


Z E GC 7 SEE EA gt ae! r 


15. There are two exceptions where the service-entrance con- 
i ductors may have other conductors in the same raceway or 
cable. Name these two types of conductors. 


Aine 16. Can conductors supplying load management control devices 
5 with overcurrent protection be pulled in the same raceway with 


service-entrance conductors? 


SINGLE-FAMILY 
AND MULTIFAMILY 


CHAPTER 


DWELLINGS AND 


MOBILE HOMES 


The requirements for installing receptacles in dwelling units are more 
stringent than for other occupancies listed in the NEC. 

An insufficient number of receptacles in a dwelling unit cannot 
provide the electricity required for the large number of appliances in 
use today. Improper use of extension cords poses a fire hazard. 
Therefore, the NEC requires outlets to be spaced along the walls of 
dwelling units in such a way as to accommodate appliance loads 
without the use of extension cords. 


DESIGNING REQUIRED 
RECEPTACLE OUTLETS IN 
DWELLING UNITS — 210, Part C 


This section lists the provisions for installing the 
required number of receptacle outlets in a dwelling 
unit and the exact locations where they must be 
installed. 


Installing Receptacle Outlets by 
Provisions of 210-52 through 210-62 — 
210-50 

The basic rule requires receptacles to be installed 
where flexible cords are used to connect electrical 
appliances and equipment (Figure 10-1). There are 
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210-52(f) 


Figure 10-1. Receptacles must be installed where flexible cords 
are used to connect electrical appliances and equipment. 


227 


some cases where cords are used to permanently 
connect electrical equipment. The receptacle outlet 
used to supply special appliances such as laundry 
equipment must be installed within 6’ of the equip- 
ment (Figure 10-2). 
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HAND IRON 


210-50(c) 


Figure 10-2. Receptacle outlets must be installed within 6’ of the 
intended location of the laundry equipment. 


Installing Receptacle Outlets in 
Dwelling Units — 210-52 


This section lists the rules for installing receptacle 
outlets in all dwelling units, including one-family 
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dwellings, duplexes, one-family dwellings in apartment 
complexes, and condominiums. A dwelling unit is 
defined in the NEC as “one or more rooms” with 
provision for eating, living, sleeping, cooking, and 
sanitation. The provisions for cooking and sanitation 
must be permanent. This means a built-in cooktop 
and oven or a range will comply. If all the facilities 
listed in the definition are not present, then the area 
is not considered a dwelling unit. A one-family house 
or duplex house is a dwelling unit. An apartment in an 
apartment house or condominium unit is also 
considered a dwelling unit. Guest rooms in hotels, 
motels, or dormitories are not considered dwelling 
units, because they have no permanent provisions 
for cooking (Figure 10-3). 


O00 
the 


ONE-FAMILY DUPLEX HOUSE 
HOUSE 


APARTMENT HOUSE 


210-52(a) 


Figure 10-3. If cooking provisions are available, a one-family 
house, two-family (duplex) house, or an apartment or condominium 
is considered a dwelling unit. 


Installing Wall Receptacles — 210-52. Part a 
requires receptacle outlets to be installed on walls in 
every room of a dwelling unit, except the bathroom. 
No point along the floor line of an unbroken wall shall 
be more than 6’ from a receptacle outlet. This allows 
appliances with a 6’ cord to be used at various 
locations in the room without an extension cord being 
necessary. To meet this requirement, receptacles 


must be installed no more than 12’ apart (Figure 
10-4). 


CLOSET 


FIXED ROOM 
DIVIDER 


6’ MAX 6’ MAX 
<a | 


210-52(a) 


Figure 10-4. Receptacle outlets must be spaced so that no point 
on the wall is more than 6’ from a receptacle. 


A receptacle outlet also must be installed in any 
wall space of 2’ or more (Figure 10-4). A wall space is 
a wall unbroken along the floor line by a door, 


bookcase, or window that extends all the way to the 
floor line, or a fireplace. 

Receptacles that are an integral part of a lighting 
fixture, appliance, or cabinet must not be counted as 
required outlets per 210-52(a). Receptacles located 
in the floor must not be counted as required outlets 
unless installed close to the wall. Receptacles installed 
over 5’-6” above the finished floor must not be 
counted as required outlets. In these cases, additional 
receptacles must be installed to comply with the 
number of outlets required. The wall space occupied 
by fixed panels in exterior walls, but excluding sliding 
panels in exterior walls, shall have a receptacle outlet 
if 2’-0” or more in length. At least one receptacle out- 
let shall be installed for hallways 10’-0” or more in 
length per 210-52(h). Wall space afforded by fixed 
room dividers shall be included in the 6’ measurement. 

The exception to 210-52(a) permits areceptacle to 
be installed in a factory-assembled baseboard heater 
to prevent extension cords from being plugged into 
the receptacle outlet above the baseboard heater. 
Heat from the heater could damage the insulation of 
the extension cord and cause a fire hazard (Figure 
10-5). The FPN recommends that baseboard heaters 
be installed according to the instructions accompany- 
ing the unit. 


RECEPTACLE IN BASEBOARD HEATER 


DOORWAY 


12’ MAX 6' MAX 6’ MAX 


210-52(a) 
424-9, FPN 


Figure 10-5. Receptacles in baseboard heaters are permitted to 
serve as the required receptacles for the wall if separately supplied. 


Receptacle Outlets for Small Appliance Cir- 
cuits — 210-52, 220-4(b), and 220-16. A minimum 
of two 20-amp, 1,500-volt-amp small appliance circuits 
must be installed in the kitchen, dining room, pantry, 
and breakfast room (Figure 10-6). There is no limit to 
the number of small appliance circuits that may be 
used. The two small appliance circuits must be 
brought to the kitchen first and the loads evenly pro- 
portioned among the two circuits to prevent unbal- 
anced loading. 

Unbalanced loading can trip open the overcurrent 
protection device. The 1,500 volt-amps for each 
small appliance circuit or feeder circuit must be 
applied for sizing the service-entrance conductors. 
The 20-amp rating of the branch circuit must be used 
to supply small appliance loads in the kitchen, dining 
room, breakfast room, or pantry. 


RECEPTACLES NOT OVER 24’ APART 
FOR 12” OR LARGER COUNTERTOP 


* 210-52(c) 
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SET NEXT 

P RIACE ISLAND COUNTERTOP 
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210-8(a)(5); 210-52(b)(c); 
220-4(b); 220-16(a) 


Figure 10-6. Two or more 20-amp circuits shall be installed in 
the kitchen. No point along the wall shall be more than 24” 


from a receptacle outlet. An island or peninsular countertop shall 
have a receptacle outlet for every 4’-0” of countertop space. 


Figure 10-7 illustrates the requirements for installing 
receptacles in the kitchen, pantry, dining room, and 
breakfast room. The small appliance circuits must 
not serve any other receptacle outlets except those 
located in the kitchen, dining room, pantry, and 
breakfast room. All other receptacle outlets must be 
served by the general-purpose receptacle circuits or 
individual circuits. There are exceptions to 210-52(bX1) 
where other outlets may be served. An outside recep- 
tacle outlet or a clock outlet located in one of the 
listed rooms supplied by the small appliance circuits 
is permitted. A receptacle outlet used to cord- and 
plug-connect ignition systems, clock timers, and gas- 
fired ranges, ovens, and cooktops is permitted. In ad- 
dition to the required receptacles per 210-52(b), 
switched receptacles from general-purpose branch 
circuits per 210-70(a), Ex. 1 shall be permitted. 


TWO 20 A SMALL APPLIANCE CIRCUITS 


DINING 
ROOM AREA 


BREAKFAST 
ROOM 


SWITCHED 
RECEPTACLE 


A PER 210-70(a), EX. 1 
\— WALL 


SWITCH 


RECEPTACLE FOR 
CLOCK OUTLET PER 
210-52(bX1), Ex. 1 


REFRIGERATOR 


Am PATIO 


OUTDOOR RECEPTACLE OUTLET SUPPLIED 
BY SMALL APPLIANCE CIRCUIT PER 
210-52(bX1), Ex. 2 

210-52(b) 


Figure 10-7. Installing receptacles in the kitchen, breakfast room, 
and dining room. 
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Receptacle Outlets over Countertops—210-52(c). 
Section 210-52(c) requires a receptacle outlet at 
each counter space 12” or wider in kitchen and dining 
room areas. Any receptacle outlets rendered inacces- 
sible by the position of installed appliances cannot be 
considered as one of the required receptacle outlets. 

Each counter space shall be treated separately. 
If there is 12” or more of counter space on each side 
of a sink, a range top, a cooktop, or a refrigerator, a 
total of two plugs is required, one for each counter 
space. Plugs shall be installed so that no point along 
the wall is more than 2’-0” from a plug. Refer to 
Figure 10-6. See 210-52(b). 

Receptacle outlets shall be installed at each island 
or peninsular countertop having a long dimension of 
24” or more and a short dimension of 12” or more. Out- 
lets shall be installed above or within 12” below the coun- 
tertop. Outlets are not to be installed in a face-up position 
in the work surfaces of countertops. 

Bathroom Wall Receptacle Outlets—210-52(d) and 
210-8(aX1). Section 210-52(d) requires a wall receptacle 
to be installed adjacent to the basin. Power must be 
provided for electric hair dryers, electric shavers, elec- 
tric toothbrushes, etc. This wall receptacle shall be 
GFCI-rated or be protected by a GFCI circuit breaker 


(Figure 10-8). 
GFCI-PROTECTED 
BASIN aa ge deeb 
= 


210-8(aX1) 
210-52(d) 


Figure 10-8. A wall receptacle must be installed adjacent to the 
basin. It must be GFCI-protected. 


Receptacle outlets located in commercial and indus- 
trial bathrooms and bathrooms of guest rooms in hotels 
and motels shall be protected by GFCI receptacles or 
GFCI circuit breakers per 210-8(b)(1). Section 
210-8(b)(1) considers a bathroom as an area that in- 
cludes a basin (sink) with one or more fixtures such 


as a shower, tub, or toilet. The key fixture in defin- 
ing a bathroom is the basin. A basin and at least one 
other fixture shall be present. Notice the bathroom 
is not just a room but is an area (Figure 10-9). 
Outdoor Receptacle Outlets—210-52(e) and 210- 
8(a)(3). At least one receptacle shall be installed in 
the front and backyards of dwelling units and in 
each dwelling of a two-family dwelling. It must be 
GFClI-protected to prevent electrical shock to per- 
sonnel using electric hand tools such as drill motors, 
electric lawn mowers, electric hedge clippers, etc. 
(Figure 10-10). 

All outdoor receptacles that have grade level 
access must be GFCI-protected. If a person can walk 
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SINK PLUS TOILET 


SINK PLUS TOILET AND SHOWER 


SINK PLUS TOILET AND TUB 
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[| ote | 


SINK TOILET TUB OR 
ALONE ALONE SHOWER ALONE 


THESE ARE NOT BATHROOMS 


210-8(b)(1)(2) 


Figure 10-9. A bathroom is an area that includes a sink with one or 
more of the following: a toilet, a tub, or a shower. 


up to a receptacle outlet outside and plug in an elec- 
tric hand tool, grade level access exists. Receptacles 
fed out of the ground or located on an open front 
porch are considered to have grade level access (Fig- 
ure 10-11). Receptacles located 6’-6” from finished 
grade are considered direct grade level receptacles 
and shall be GFCI-protected. 

Balcony receptacles are not required to have GFCI 
protection. Outdoor receptacles for hotels, motels, 


dormitories, or commercial buildings do not require 
GFCI protection. They do not meet the definition of a 
dwelling unit (Figure 10-12). 


O 
3 m O O FINISHED 
Cal shall =) GRADE 

GFCI-PROTECTED 
RECEPTACLE 
WITHIN 6’-6” OF 
FINISHED GRADE 

210-8(aX3) 

210-52(e) 


Figure 10-10. At least one receptacle outlet must be installed in 
the front and backyards of dwelling units. They must be GFCI- 
protected. 


RECEPTACLE ON 
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PORCH 6’-6” OR 
LESS FROM GRADE 


RECEPTACLE FED 
OUT OF GROUND 
6’-6” OR LESS 
FROM GRADE 


210-52(e) 
Figure 10-11. Receptacles fed out of ground or located on an 


open front porch are considered to have grade level access and 
shall be GFCI-protected, if 6’-6” or less from finished grade. 


BALCONY 


GFCI PROTECTION 
NOT REQUIRED 


210-8(a)(3) 


Figure 10-12. Balcony receptacles, or outdoor receptacles of 
hotels, motels, or commercial buildings do not require GFCI pro- 
tection. They do not meet the definition of a dwelling unit. 


Laundry Area Receptacle Outlets—210-50(c), 210- 
52(f), 220-4(c), and 220-16(b). At least one receptacle 
shall be installed for the laundry area. All laundry 
receptacles shall be supplied by a two-wire, 1,500-volt- 
amp, 20-amp circuit. Laundry equipment shall be 
located within 6’ of the laundry receptacle outlet. 
Lighting outlets are not permitted to be connected to 
the laundry circuit. The 1,500 volt-amps is applied to 
sizing the service-entrance conductors or the conduc- 
tors for a feeder circuit. The 20-amp branch-circuit 
rating shall be used to supply receptacles used for the 
laundry loads in the laundry area (Figure 10-13). 

In multifamily buildings such as an apartment 
house with laundry facilities provided to all occupants, 
a laundry receptacle is not required for each indi- 
vidual occupancy. 


WASHER 


— 

ALLOWED NOT ALLOWED 
210-50(c) 
210-52(f) 


Figure 10-13. The 20-amp laundry circuit may be wired only for 
laundry equipment. 


Basement, Crawl Space, and Garage Receptacle 
Outlets—210-8(aX2X4) and 210-52(g). At least one 
GFCI-protected receptacle, and laundry outlets, shall 
be installed in the unfinished basement of a dwell- 
ing unit. This is to prevent anyone from using the 
laundry outlet, where present, for electric hand tools 
such as drills, saws, and sanders. GFCI protection is 
required in crawl spaces with exceptions for the laun- 
dry circuit, dedicated circuit, and permanently in- 
stalled sump pumps. 

At least one receptacle must be installed in an at- 
tached garage (a garage not completely separated from 
the house). A receptacle outlet is not required in a 
detached garage (a garage completely separated from 
the house) that does not have electric power. 


Hotel and Motel Guest Room Receptacle Outlets 
— 210-60. Receptacles may be installed in hotels, 
motels, and similar occupancies where convenient to 
suit the furniture layout of the room. All the provisions 
of 210-52 must be complied with when wiring these 
rooms (Figure 10-14). Hotel and motel guest rooms 
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are not classified as dwelling units as they are not 
equipped with provisions for cooking. Requirements 
for receptacles are similar to those for dwelling units. 


TV 


BED 


BATHROOM TABLE 
LAMPS 


210-60 


Figure 10-14. Receptacles may be installed in hotels, motels, and 
similar occupancies to suit the furniture layout. 

GFCI protection is required for all 120 V, 15 A or 
20 A receptacles installed in commercial and indus- 
trial bathrooms and bathrooms of guest rooms in ho- 
tels and motels per 210-8(b). 


Rooftop Equipment — 210-63 


At least one 120-volt , 15- or 20-amp receptacle outlet 
must be installed in an accessible location for the ser- 
vicing of rooftop air conditioning, refrigeration, or 
heating unit equipment. This receptacle must be 
located within 25’ of the equipment. This rule in- 
cludes each level of roof, plus attic and crawl space 
where such equipment is installed. See 210-8(b)(2). 


GFClI-protected Receptacle Outlets in 
Dwelling Units — 210-8(a) 

A GFCI circuit breaker or receptacle detects current 
leaking to ground on the load side of the circuit. Any 
imbalance in the circuit will produce a change of flux 
in the magnetic core of the current transformer, 
which will trip open the unit at 5 milli-amps, plus or 
minus 1 milli-amp. The induced voltage in the 
secondary windings of the transformer actuates the 
opening of the circuit. In case of a short circuit,the 
circuit is opened at about 5 milli-amps so no harm 
can occur to persons using the receptacle (Figure 
10-15). 

GFClI-protected receptacles for dwelling units are 
required for bathroom, garage, basement, crawl 
space, outside areas, and boathouse (Figure 10-16). 
Also, receptacles within 6’-0” of the kitchen sink and 
wet bars with sinks shall be GFCI-protected. 


GFCI Protection in Bathrooms — 210-8(a)(1). 
All 120-volt, 15-amp or 20-amp receptacles must be 
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Figure 10-15. GFCI circuit breakers or receptacles are used for 
the protection of persons using electric hair dryers, etc. 
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Figure 10-16. At least one GFCI-protected receptacle is required 
for the bathroom, garage, basement, crawl space, boathouse, 
and the outdoors of a dwelling unit. GFCI-protected receptacles 
are required within 6’-0” of the kitchen sink. 


installed on a GFCI-protected circuit if located in a 
bathroom. 


GFCI Protection in Garages — 210-8(a)(2). All 
120-volt, 15-amp or 20-amp receptacles installed in 
garages must be GFCI-protected for the safety of 
personnel. There are two exceptions where GFCI 
protection in a garage is not required (Figure 10-17): 

1. Receptacles that supply power to dedicated 
appliances. For example, a freezer, refrigerator, gas 
dryer, etc. do not require GFCI protection. 

2. Receptacles that are not readily accessible. For 
example, a motor for an overhead garage door does 
not require GFCI protection. 


GFCI Protection for Outdoor Receptacle Outlets 
— 210-8(a)(3). All receptacles located outdoors 
must be GFCI-protected for the safety of personnel 
using electric hand tools. 


REFRIGERATOR EXCEPTION 1: RECEPTACLES WHICH 
\ ARE NOT READILY ACCESSIBLE. 


GFCI-PROTECTED 
RECEPTACLE 


EXCEPTION 2: RECEPTACLES FOR 
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Figure 10-17. Dedicated and inaccessible receptacles in garages 
do not require GFCI protection. All other attached garage recep- 
tacles must have GFCI protection. NOTE: GFCI protection is 
required for receptacles only if power is routed to a detached 
garage. 


GFCI Protection for 
Construction Sites — 305-6 


All 120-volt, 15-amp and 20-amp receptacles used 
by personnel on construction sites must be GFCI- 
protected (Figure 10-18). This can be accomplished 
by: 

1. AGFCI circuit breaker can be used to supply all 
120-volt, 15-amp and 20-amp receptacles. This 
method provides protection for all the receptacles 
served by the GFCI circuit breaker. 

2. A GFCI receptacle can be used at each outlet in 
a circuit. This method is more costly than using one 
GFCI circuit breaker per circuit. 

3. A portable GFCI receptacle can be used. In this 
method, each craftsperson on the job carries a 
portable GFCI and plugs all electric hand tools into 
this outlet. A regular circuit breaker is installed to 
supply all 120-volt, 15-amp or 20-amp receptacles. 
The worker plugs the portable GFCI receptacle into 
any non-GFCI receptacle and is protected. 

4. Lighting outlets shall not be installed on GFCI- 
protected circuits supplying receptacle outlets per 
305-4(d). 

The authority having jurisdiction can approve a 
written procedure that requires a three-wire extension 
cord with an equipment grounding conductor. One 
person must be designated to enforce the program as 
follows: 

1. All cords and tools must be tested when first 
placed on the job and repaired at once if damaged. 

2. All cords and tools must be tagged the day they 
are placed on the job and retagged every three 
months thereafter by the designated person (Figure 
10-19). 
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Figure 10-18. Three methods of providing GFCI protection for 
construction sites. 


yá ~ HAND TOOLS MUST BE CHECKED 


WHEN FIRST PLACED ON JOB AND REPAIRED 


IF DAMAGED. 
a 3W CORD W/EQUIPMENT 
GROUNDING CONDUCTOR 
CORDS AND TOOLS MUST BE TAGGED WHEN 


PLACED ON JOB AND RETAGGED EVERY 
THREE MONTHS. 


305-6 


Figure 10-19. Assured grounding method may be used if approved 
by authority having jurisdiction. 


DESIGNING REQUIRED LIGHTING 
OUTLETS — 210, Part C 


Lighting outlets must be installed in dwelling units in 
certain locations, such as an outside entrance, to 
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provide safety. The outlet may be necessary to 
provide light to illuminate steps on the front or back 
porch. Lighting outlets are also located to provide 
light for the convenience of working, reading, playing, 
watching television, etc. Generally, lighting outlets 
must be accompanied by a wall switch in a convenient 
location for turning the light on and off as desired. 


Lighting Outlets in Dwelling Units — 
210-70(a) 

Lighting outlets must be installed in specified locations 
to ensure proper lighting for all dwelling units. 
Lighting must be provided by lighting fixtures con- 
trolled by a wall switch or by table lamps plugged into 
wall switch-controlled receptacles. Pull-chain lighting 
receptacles may be installed without wall switches in 
some locations and under certain conditions. 

At least one wall switch—controlled lighting outlet 
is required in all habitable rooms, halls, stairways, 
attached garages or detached garages with electric 
power, bathrooms, and outdoor entrances to the 
dwelling unit. 

The lighting outlets may be ceiling-mounted or 
wall-mounted. A wall switch—controlled outlet may 
control a wall receptacle outlet with a table lamp 
plugged into the receptacle. Kitchens and bathrooms 
must have a lighting outlet on the ceiling or an outlet 
controlled by a wall switch. 

A lighting outlet shall be installed in the basement, 
attic (for storage or air handler equipment), or crawl 
space used for air handler equipment. This lighting 
outlet shall be controlled by a wall switch (Figure 
10-20). 
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Figure 10-20. At least one lighting outlet must be installed in 
these locations. 
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Exception No. 1. All habitable rooms except the 
kitchen are permitted to have wall switch—controlled 
lighting fixtures or receptacles with table lamps 
plugged into the outlets to provide light. Wall switch- 
controlled receptacles may be used in lieu of lighting 
fixtures. 

The bathrooms of dwelling units are not considered 
habitable rooms, and a ceiling-mounted or wall- 
mounted lighting fixture is required as in the kitchen 
(Figure 10-21). 


Exception No. 2. Lighting in hallways, stairways, 
and outside entrances is permitted to be remotely or 
automatically controlled. A time clock or photocell 
may be used to perform such a function. 


Lighting Outlets in Guest Rooms — 
210-70(b) 

At least one wall switch—controlled lighting fixture or 
receptacle outlet is required to supply table lamps 
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THE BATHROOM IS AN AREA, NOT A ROOM. 
A CEILING-MOUNTED OR WALL-MOUNTED 
FIXTURE IS REQUIRED. 


210-70(a), Ex. 1, 2 


Figure 10-21. Habitable rooms, except for the kitchen, may have 
wall-mounted switches controlling lamps. 


located in the guest rooms of hotels, motels, or similar 
occupancies. 


Other Locations —210-70(c) 

At least one wall-switched controlled lighting outlet 
shall be installed at or near heating, air-conditioning, 
and refrigeration equipment in attics or underfloor 
spaces. The switch on the wall shall be located at the 
point of entry to the attic or underfloor space. 


DESIGNING AND CALCULATING 
THE SERVICE LOAD FORA 
DWELLING UNIT — 220, 

Parts A and B 


To determine the size of the service-entrance con- 
ductors supplying a dwelling unit and the required 
number of branch circuits serving the loads, the total 
load of the dwelling unit must be computed. The total 
load may be computed by the standard method per 
Article 220, Part B, or by the optional method of 
220-30. 

Dwelling units may be a single-family dwelling 
such as a house or a dwelling unit in a duplex or an 
individual unit in an apartment complex. 


Service-entrance Conductors. 


The service-entrance conductors are sized by the 
loads of the dwelling unit. A portion of the dwelling 
unit’s loads may have a demand factor applied, as all 
circuits supplying loads are not used continuously 
and at the same time. Therefore, electrical load 
requirements for dwelling units vary a great deal. 
The service equipment consists of an overcurrent 
protection device to protect the service-entrance 
conductors, a grounded terminal bus to ground all 
metallic parts of the service equipment, a main 
bonding jumper to bond together all metal piping, 
metal enclosures, equipment grounding conductors, 
and neutral conductors (Figure 10-22). The grounding 
electrode conductor connects this common system to 
the grounding electrode system. 


Feeder Circuit Conductors 


Feeder circuit conductors are used to supply power 
to a dwelling unit or to individual dwelling units in an 
apartment building. Feeder circuits supply individual 
subfed panels in dwelling units, usually from a 
disconnect outside the unit. The feeder circuit con- 
ductors originate at the service equipment, where 
they are protected by a circuit breaker or a set of 
fuses. The panelboard served by sucha feeder circuit 
contains overcurrent protection devices to feed all 
branch-circuit loads. The elements of a feeder circuit 
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Figure 10-22. Elements of the service equipment. 


are determined by computation of the loads served. 
The total load after applying demand factors deter- 
mines the size conductors, size conduit, and rating of 
overcurrent protection device required. 


Branch-circuit Conductors 


The branch circuit is the portion of the wiring system 
that extends from the last overcurrent protection 
device protecting the branch-circuit conductors to 
the outlets supplying the utilization equipment 
connected to the branch-circuit conductors. The 
overcurrent protection devices could be circuit 
breakers or fuses in the service equipment enclosures 
or in the enclosure of a subfed panelboard. Branch 
circuits supply loads such as lighting fixtures, 
receptacles, and special appliances such as ranges 
and air conditioners. 


Types of Dwelling Unit Loads 


Allloads of a dwelling may be grouped in one of three 
categories: (1) general lighting load, (2) small appli- 
ance and laundry load, and (3) special appliance load. 


General Lighting Load. To determine the general 
lighting load, multiply 3 volt-amps times the total 
area (number of square feet) of a dwelling unit. The 
total area of a dwelling unit is determined by multiplying 
the outside length times the outside depth times the 
number of floors. Subtract the total area of all 
garages, open porches, and unfinished space not 
suitable for future use. 
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Table 220-3(b) lists the unit load (volt-amps) 
required per square foot. Dwelling units require 3 
volt-amps per square foot. Receptacle outlets of 20 
amps or less may be used for general illumination. 
These outlets are considered part of the general 
lighting load. Additional calculations for these 15- 
amp or 20-amp circuits are not required (Figure 


10-23). 


LIGHTS LIGHTS 


FLOOR LAMP TABLE LAMP TABLE FAN 


TELEVISION SET VACUUM CLEANER 


GENERAL LIGHTING AND RECEPTACLE LOADS 


Table 220-3(b) 


PROBLEM: Determine the general lighting and 
receptacle loads for a dwelling unit of 3,200 sq. ft. 


STEP 1: Table 220-3(b). 
3,200 sq. ft. x 3 VA = 9,600 VA 


ANSWER: The general lighting and receptacle 
loads require 9,600 volt-amps. 


Figure 10-23. The square footage of the dwelling unit multiplied 
by 3 volt-amps gives the general lighting and receptacle loads. 
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Small Appliance and Laundry Load — 220-16. 
At least two 20-amp circuits must supply kitchen 
appliances such as toasters, coffeepots, can openers, 
etc. The small appliance load is figured at 1,500 
volt-amps for each two-wire circuit. The laundry 
load is also figured at 1,500 volt-amps for each two- 
wire circuit. The small appliance and laundry loads 
may be totaled and added to the general lighting 
load, provided they meet the demand factors of 
Table 220-11 (Figure 10-24). 


COFFEEMAKER REFRIGERATOR 


> 


DEEP FRYER TOASTER 


BLENDER 


SMALL APPLIANCE LOAD 


WASHER DRYER HAND IRON 


LAUNDRY LOAD 


220-16(a, b) 


PROBLEM: Determine the minimum small appliance 
and laundry loads required in a dwelling unit. 


SMALL APPLIANCE LOAD 
STEP 1: 220-16(a) 

1,500 VA x 2 = 
LAUNDRY LOAD 
STEP 1: 220-16(b). 

1,500 VA x1 = 


3,000 VA 


1,500 VA 
4,500 VA 


ANSWER: The total load for small appliance and 
laundry circuits is 4,500 volt-amps. 


Figure 10-24. Each small appliance and laundry circuit must 
sustain 1,500-volt-amp loads. 


Special Appliance Load — 220-3 and 220-10(a). 
Ranges, water heaters, air conditioners, etc., are 
supplied by the special appliance load. These 
appliances must not be connected to the general 
lighting load. If they were connected to the general 
lighting load and a short occurred, the occupant of 
the dwelling unit would be without general lighting 
and in a potentially dangerous situation. The demand 
for appliances on a special appliance load is deter- 
mined by the kilowatt rating listed on the nameplate 
(Figure 10-25). 


ELECTRIC RANGE HOT WATER HEATER 


DISHWASHER DISPOSER 


SPECIAL APPLIANCE LOADS 


220-3; 220-10(a) 


PROBLEM: Whatis the load fora6-kW water heater? 
STEP 1: 220-3 and 220-10(a). 


6-kW water heater = 6,000 watts (volt-amps) 
ANSWER: 6,000 volt-amps is the load. 


Figure 10-25. Special appliance loads are not connected to the 
general-purpose receptacles or small appliance circuits. 


Demand Factors 


Before the elements of the service can be sized, 
demand factors must be applied to certain loads in a 
dwelling because of the diversity of the loads. All 
loads in a dwelling are not used simultaneously or for 


extended periods of time. The application of demand 
factors will produce lower total demand loads for a 
dwelling. Lower demand loads require smaller service- 
entrance conductors, resulting in less material cost 
for the job. 

The loads are as follows: 


1. General lighting and receptacle load Table 220-11 


2. Fixed appliance load 220-17 
3. Dryer load Table 220-18 
4. Range load Table 220-19 
5. Neutral load 220-22 


Demand factors may be applied to the general 
lighting and receptacle load plus the small appliance 
circuits and laundry circuit. Demand factors may be 
applied to the total number of fixed appliance loads. 
The load of ranges and dryers may be reduced by a 
percentage based on the total number of ranges and 
dryers in the dwelling. 


General Lighting and Receptacle Load — Table 
220-11. The general lighting and receptacle load is 
obtained by multiplying the area (square feet) of the 
dwelling unit by 3 volt-amps as required by Table 
220-3(b). Add 1,500 volt-amps for each small 
appliance and laundry load per 220-16(a)(b). There 
must be a minimum of two small appliance loads and 
one laundry load. A demand factor is applied to the 
total load obtained according to Table 220-11. The 
demand factors for general lighting and receptacle 
loads for dwelling units are 


Volt-Amps Demand Factor 

O37 0.0) OMe: s.cve E E cos thes 100% 
SCO a7 38 1010 eee er 35% 
TA a Goccso tno cbocos mas aad one 25% 


Figure 10-26 shows the step-by-step procedure for 
determining the general lighting and receptacle 
demand load for a dwelling of 2,400 sq. ft. The 
ampacity of the demand load in Figure 10-26 is 25.19 
amps. This is derived by dividing volt-amps by volts. 
In this case, 240 volts are used, as the general lighting 
and receptacle loads are on 120-volt circuits. 


Fixed Appliance Load — 220-17. The fixed 
appliance load is determined by adding wattage 
(volt-amps) values from appliance nameplates for 
three or less fixed appliances. If there are four or 
more fixed appliances on a feeder circuit, 75% of the 
wattage values on the nameplates is permitted. For 
example, to find the load for four or more fixed 
appliances on a feeder circuit, (1) add wattage ratings 
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jel _ 


2,400 SQ. FT. DWELLING 
W/120/240 V, 1PH SERVICE 
DWELLING HAS TWO SMALL APPLIANCE 


CIRCUITS AND ONE LAUNDRY CIRCUIT 


PROBLEM: What is the general lighting and recep- 
tacle demand load for this dwelling? 
STEP 1: Table 220-3(b). 

2,400 sq. ft. x3 VA 
STEP 2: 220-16(a). 

1,500 VA x 2 circuits 
STEP 3: 220-16(b). 

1,500 VA x 1 circuit 


= 7,200 VA 


= 3,000 VA 


= 1,500 VA 
Total connected load = 11,700 VA 
STEP 4: Table 220-11. 


3,000 VA x 100% 
8,700 VAx 35% 


= 3,000 VA 
= 3,045 VA 


6,045 VA 
ANSWER: The demand load is 6,045 volt-amps. 


Table 220-11 


Figure 10-26. Determining the general lighting and receptacle 
demand loads for a dwelling. 


from appliance nameplates and (2) multiply total 
wattage (volt-amps) by 75%. Figure 10-27 shows the 
step-by-step procedure for determining the fixed 
appliance load. 

WARNING: This demand factor does not apply 
to ranges, dryers, air conditioners, or space- 
heating units. 


Dryer Load — 220-18 and Table 220-18. The 
dryer load for household dryers is figured at 5 kVA or 
the nameplate rating, whichever is higher. A dryer 
having a nameplate rating of 5 kW or less is 
figured at 5 kVA. A dryer with a nameplate rating 
of 6.5 kW would be figured at 6.5 kVA, as it is 
higher than 5 kVA. Table 220-18 shows the de- 
mand factors that may be applied to five or more 
dryers. Figure 10-28 shows the step-by-step pro- 
cedure for determining the demand load for six 
5-kW dryers. The same procedure is followed for 
any number of dryers. 


Range Load — Table 220-19. A range rated at 12 
kW is in the 9-kW to 12-kW group. Table 220-19, 
Column A, lists the maximum demand for this size 
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range as 8 kW (8 kVA). The kilowatt (kVA) rating 
divided by voltage equals amperage. Conductors and 
overcurrent protection devices may be selected when 
the amperage rating has been determined. The 
maximum demand (Column A) of the range can also 
be applied to the service load rating for sizing service- 
entrance conductors (Figure 10-29). 


PROBLEM: Determine the demand load for the 
following fixed appliances: 


6,000 watts 
1,500 watts 
900 watts 
800 watts 
1,600 watts 
400 watts 


Water heater load 
Dishwasher load 
Compactor 
Disposal load 
Attic fan load 
Vent fan load 


220-17. 
Total the wattage of the fixed appliances. 


6,000 watts 
1,500 watts 
900 watts 
800 watts 
1,600 watts 
400 watts 


11,200 watts 


Water heater load 
Dishwasher load 
Compactor 
Disposal load 
Attic fan load 
Vent fan load 


220-17. 

Apply 75% demand factor. 

11,200 VA x 75% = 8,400 VA 
ANSWER: The demand load is 8,400 volt-amps. 


220-17 


Figure 10-27. For four or more appliances, a 75% demand factor 
is applied. 


PROBLEM: Determine the demand load for six dryers 
rated at 5 kW each. 


STEP 1: 220-18. 
Total the wattage (kVA) of the dryers. 
5 kVA x 6 (no. of dryers) = 30 kVA 
STEP 2: Table 220-18. 


Apply 70% demand factor. 
30 kVA x 70% = 21 kVA 
ANSWER: The demand load is 21 kVA. 


Table 220-18 


Figure 10-28. For six or more dryers, a 70% demand factor 
is applied. 


PROBLEM: Determine the demand load for a 12-kKW 
range. 


STEP 1: Table 220-19, Column A. 
One range is 8 kW. 


ANSWER: The demand load is 8 kVA. 


Table 220-19 


Figure 10-29. For one range rated at more than 83⁄4 kW but no 
more than 12 kW, a demand factor of 8 kW is applied. 


Three columns of the table (Columns A, B, and C) 
are used in calculations for loads for ranges, wall- 
mounted ovens, and cooktops. Column A is used for 
ranges of 9kW to 12 kW. Column Bis used for ranges 
of less than 3'4 kW. Column C is used for ranges of 314 
kW to 84 kW. The following examples demonstrate 
the use of this table. 

A range of 2.5 kilowatts is in the less-than-3.5 kW 
group. Table 220-19, Column B, lists the demand 
factor for this size range as 80%. This demand factor 
is multiplied by the kilowatt rating listed on the 
nameplate to determine the maximum demand load. 
The number of ranges on a feeder or circuit will 
determine the percentage factors that must be applied 
to determine the maximum demand load (Figure 
10-30). 

Table 220-19, Column A, lists 8 kW as the 
maximum demand for a 9-kW range. Notice that in 
Column A, the maximum demand is already calculated 
for the size and number of ranges on a feeder or 
service. Columns B and C list the percentage factors 
that must be multiplied by the wattage rating on a 
range’s nameplate to determine the maximum demand 
(Figure 10-31). 


PROBLEM: Determine the demand load fora2.5-kW 
range. 


STEP 1: Table 220-19, Column B. 
One range is 80%. 


STEP 2: 2.5 kVA x 80% = 2 kVA 
ANSWER: The demand load is 2 kVA. 


Table 220-19, Column B 


Figure 10-30. For one range rated at less than 3.5 kW, a demand 
factor of 80% is applied. 


PROBLEM: Determine the demand load for a 9-kW 
range. 


STEP 1: Table 220-19, Column A. 
One range is 8 kW. 


ANSWER: The demand load is 8 kVA. 


Table 220-19, Column A 


Figure 10-31. For one range rated at more than 8⁄4 kW but no 
more than 12 kW, a demand factor of 8 kW is applied. 


The demand for a 7-kW range is determined by 
applying the percentages listed in Column C. Per- 
centage factors vary from 80% to 16% depending on 
the number of ranges. The percentage factor to apply 
for one range of 3'4 kW to 8%: kW is 80% (Figure 
10-32). 


PROBLEM: Determine the demand load for a 7-kKW 
| range. 


STEP 1: Table 220-19, Column C. 
One range is 80%. 
STEP 2: 7 kVA x 80% = 5.6 kVA 


ANSWER: The demand load is 5.6 kVA. 


Table 220-19, Column C 


Figure 10-32. For one range rated at more than 3.5 kW but no 
more than 8⁄4 kW, a demand factor of 80% is applied. 


Ranges of more than 12 kW but not more than 27 
kW, and all of the same rating, should have ademand 
applied according to Table 220-19, Column A, Note 
1. This note requires the maximum demand listed in 
Column A to be increased 5% for each kilowatt 
exceeding 12 kW. For example, a 27-kW range is 
rated 15 kW above 12 kW. Multiply 15 by 5% to 
obtain 75%, which is added to the kilowatt rating in 
Column A (175% x 8 kW = 14 kW). See Figure 10-33 
for the step-by-step procedure of applying Note 1 to 
Column A. 
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PROBLEM: Determine the demand load fora 27-kW 
range. 
STEP 1: Table 220-19, Note 7. 


One range of more than 12 kW must have 
5% added for each kilowatt above 12 kW. 


27 kW — 12 kW = 15 kW 


15 kVA x 5% = 75% 


Table 220-19, Column A. 

One range is 8 kW. 

8 kVA x 175% = 14 kVA 
ANSWER: The demand load is 14 kVA. 


Table 220-19, Note 1 


Figure 10-33. For one range rated at more than 27 kW, 5 percent 
must be added to each kilowatt above 12 kW. 


For ranges rated less than 3% kW, the demand 
factor percentages are selected from Table 220-19, 
Column B. The total wattage of the ranges is multiplied 
by the number of ranges. This figure is then multiplied 
by the appropriate percentage factor selected from 
Column B. The resulting calculation will equal the 
amperage (demand load) of the ranges (Figure 10-34). 


PROBLEM: Determine the demand load for six 
ranges rated at 2.8 kW each. 


STEP 1: Table 220-19, Column B. 
Six ranges are 59% 
STEP 2: 2.8 kVA x 6 = 16.8 kVA 


STEP 3: 16.8 kVA x 59% = 9.9 kVA 
ANSWER: The demand load is 9.9 kVA. 


Table 220-19, Column B 


Figure 10-34. For six ranges rated at less than 3.5 kW, ademand 
factor of 59% is applied. 


Ranges of unequal ratings must be grouped 
according to the columns of Table 220-19 that apply 
to them. For example, Column B is used fora 2-kW 
range, and an 80% demand factor is applied. Column 
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C is used for a 5-kW range, and again, an 80% 
demand factor is applied. The demand factors 
multiplied by the wattage (volt-amps) of the ranges 
gives the demand load for the ranges. See Figure 
10-35 for the step-by-step procedure using Columns 
B and C. 


PROBLEM: Determine the demand load for a 2-kW 
and 5-kW range. 
STEP 1: Table 220-19, Columns B and C. 


One 2-kW range is 80%, and one 5-kW 
range is 80%. 


STEP 2: Column B: 2 kVA x 80% = 1.6 kVA 


STEP 3: Column C: 5 kVA x 80% = 4.0 kVA 
5.6 kVA 


ANSWER: The demand load is 5.6 kVA. 


Table 220-19, Column B, C 


Figure 10-35. For one 2-kW and one 5-kW range, ademand factor 
of 80% is applied. 


The wattage of ranges individually rated at 12 kW 
to 27 kW, and of unequal ratings, must be added 
together to obtain the total connected load. Any 
range rated at less than 12 kW must be increased to 
12 kW for this computation. The total connected 
load is divided by the number of ranges, and kilowatts 
exceeding 12 are multiplied by 5%. The resulting 
figure multiplied by appropriate demand factors 
from Column A equals the total demand load. See 
Figure 10-36 for the step-by-step procedure of 
applying Note 2 of Table 220-19. 

Note 4 to Table 220-19 requires the branch circuit 
for one wall-mounted oven or one counter-mounted 
cooktop to be computed by the nameplate rating of 
the appliance. If one branch circuit supplies a cooktop 
and two or less wall-mounted ovens, the total connected 
load may be treated as one range. Each kilowatt that 
exceeds 12 kW must be increased by 5%. This 
percentage times the demand factor for one range in 
Column A (8 kW) will equal the demand load. One 
individual range may be calculated by Table 220-19 
(Figure 10-37). 

Any number of single-phase ranges may be 
connected to a four-wire, three-phase 120/208-volt 
system. The diversity of the load applies to the 
number of ranges connected to adjacent ungrounded 
phase conductors and not to the total number of 


PROBLEM: Determine the demand load of a 10-kW, 
14-kW, and 16-kW range. 
STEP 1: Table 220-19, Note 2. 


Increase 10-kW range to 12 kW. Add wattage 
ratings of all ranges. 


12 kW +14 kW + 16 kW= 42 kW 


Table 220-19, Note 2. 
Divide total kilowatts by number of ranges. 


42 KW = 14 kw 
3 


STEP 3: Table 220-19, Note 2. 
Add 5% for each kilowatt exceeding 12 kW. 
14 kW — 12 kW = 2 kW x 5% = 10% 


STEP 4: Table 220-19, Column A. 

Three ranges equal 14 kVA. 
STEP 5: Table 220-19, Note 2. 

14 kVA x 110% = 15.4 kVA 
ANSWER: The demand load is 15.4 kVA. 


Table 220-19, Note 2 


Figure 10-36. Note 2 of Table 220-19 is applied-when determining 
loads of ranges rated at 12 kW to 27 kW and having unequal 
ratings. 


PROBLEM: Determine the demand load for an 8-kW 
cooktop, a 7-kW oven, and a 6-KW oven. 


STEP 1: Table 220-19, Note 4. 


For one cooktop with not more than two 
ovens, add all nameplate ratings together 
and treat as one range. Add 5% of the kilo- 
watts exceeding 12 kW. 


8kW+ 6 kW+7 kW= 21 kW 
21 kW-—12 kW=9 kW 
9 kW x 5% = 45% 


STEP 2: Table 220-19, Column A. 

One range is 8 kW. 
STEP 3: Table 220-19, Note 4. 

8 kVA x 145% = 11.6 kVA 
ANSWER: The demand load is 11.6 kVA. 


Table 220-19, Note 4 


Figure 10-37. One cooktop with not more than two ovens may be 
considered as one range when Note 4 is applied. 


ranges. The load should be calculated on the basis of 
the number of ranges connected. In the case of 
unbalanced loading, twice the maximum number 
between any two-phase conductors must be computed. 

The current in any one conductor will be one-half 
the total volt-amperage of two adjacent phase con- 
ductors divided by the line-to-neutral voltage of the 
system (Figure 10-38). 


PROBLEM: Determine the feeder conductor load 
and the service load for twenty-four 10-kW ranges 
connected to a four-wire, three-phase 120/208-volt 
system. 


FEEDER LOAD 


| STEP 1: Divide number of ranges by number of 
phases. 


24 ranges — 
3 phases 


8 ranges 


STEP 2: 8 ranges per phase x 2 per phase = 16 
ranges 


STEP 3: Table 220-19, Column A. 
16 ranges = 31 kW 


STEP 4: 31,000 VA = 15 500 VA 
2 phases 
STEP 5: VA (volt-amps) = A (amps) 
V (volts) 


15,500VA = 499A 
120V 


ANSWER: The feeder conductor load is 129 amps. 


| SERVICE LOAD 


Í STEP 1: 15,500 VA x 3 = 46.500 VA 
STEP2: VA =A 
VxvV¥ 3 
46,500 VA 
208 V x 1.732 


ANSWER: The service load for each conductor is 
129 amps. 


= 129A Table 220-19 


Figure 10-38. Determining the feeder conductor load and the 
service load for ranges on a four-wire, three-phase, 120/208-volt 
system. 


Neutral Load — 220-22. The neutral must be sized 
large enough to carry the unbalanced load it would be 
required to carry in the event of a blown fuse or any 
other failure in the electrical system. When 120-volt 
loads are shut down, the neutral must carry the 
unbalanced current from the remaining loads. If 
Phase A on a 240-volt, single-phase system carried a 
60-amp, 120-volt load, and Phase B carried an 80- 
amp, 120-volt load, the neutral would carry 20 amps 
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(80 amps — 60 amps = 20 amps). However, the 
neutral must be sized to carry the largest phase load. 
In this example, the neutral would be required to 
carry 80 amps. 

The neutral conductor will carry only phase-to- 
ground loads (120 volts). The neutral will never carry 
phase-to-phase loads; therefore, single-phase or three- 
phase, 208-volt or 240-volt loads may be disregarded. 
Note any phase-to-phase loads for any type of 
voltage that may be omitted (Figure 10-39). 


Pan V MOTOR LOAD 


15,000 VA, 120 V LIGHTING LOAD 
USED AT CONTINUOUS DUTY 


220-22 


; PROBLEM: Determine the neutral loadfor a 120-volt 
i lighting load. 


Í STEP 1: 220-22. 


The neutral must be figured only on the 
120-volt loads. 


The phase-to-phase loads are not consid- 
ered. Only the phase-to-neutral loads are 
considered. 


220-10(a). 
15,000 VA x 100% = 62.5 A 
240 V 
i ANSWER: The neutral load is 62.5 A. 


Figure 10-39. The neutral must be figured based on the phase-to- 
neutral load. 


Section 220-22 permits any amperage exceeding 
200 amps to be reduced 70%. This applies for incan- 
descent lighting and resistance-type loads. Electric- 
discharge lighting must be computed at 100% because 
of the third harmonic currents generated by ballasts. 
In a four-wire, three-phase system, the third harmonic 
elements of the phase currents are in phase. The 
phase currents are in phase with each other and are 
added together; therefore, the neutral will collect the 
currents from each phase and cannot be reduced 
(Figure 10-40). 

The incandescent lighting in a building must be 
calculated at 100% for the first 200 amps and 70% for 
all amperage exceeding 200 amps. Electric-discharge 
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100 A OF ELECTRIC-DISCHARGE LIGHTING 


400 A OF INCANDESCENT LIGHTING 


220-22 


PROBLEM: Determine the neutral load for 100 amps 
of electric-discharge lighting and 400 amps of 
incandescent lighting. 


STERN: 22022 


100 amps at 100% = 100 amps 
200 amps at 100% = 200 amps 
200 amps at 70% = 140 amps 


440 amps 
ANSWER: The neutral load is 440 amps. 


Figure 10-40. Figuring the neutral for electric-discharge lighting and incandescent lighting loads. 


lighting must be calculated at 100% for all amperage 
supplying such loads. See Figure 10-41 for calculating 
the neutral current for three-phase systems. 

On a five-wire, two-phase system, the maximum 
unbalanced load must be the maximum connected 
load between the neutral and any one ungrounded 
conductor. The load must be multiplied by 140% to 
obtain the total neutral load (Figure 10-42). 

When combination loads are supplied, the neutral 


3$ NEUTRAL 


GROUNDED 4/W 
OVERCURRENT 
3¢ WYE SYSTEM PROTECTION 
DEVICE 
70 AMPS 


80 AMPS 


L, = 100 AMPS TO LOAD 


PROBLEM: What is the current flow in the neutral with 
L, pulling 70 amps, L; pulling 80 amps, and L, pulling 
100 amps? 


is determined by the 120-volt loads only. Phase-to- 
phase loads are never considered in determining the 
size of the neutral (Figure 10-43). 

Because ranges and dryers have variable heat 
settings, the neutral must be computed at 70% of 
the unit’s demand rating from Table 220-18 or 
Table 220-19. The neutral will never carry more 
than 10% to 20% of the demand rating under nor- 
mal use (Figure 10-44). 


STEP 1: 220-22. 
= 1 2 2a 
amps = i ae Clie ty 
(h xil E 
Lz La) (IL, x IL.) 


70? + 80? + 1007 — (70 x 80) — 
(80 x 100) — (100 x 70) 


amps = 4 {4900 + 6400 + 10,000 — 
5600 — 8000 — 7000 


amps = y 21,300 — 20,600 
amps =4/ 700 = 26.5A 


ANSWER: The neutral load is 26.5 amps. 


amps = 


Figure 10-41. Figuring the neutral load on a three-phase, four-wire wye system. 


2 PHASE SECONDARY (4 WIRE) 


PROBLEM: Determine the neutral load for a 150- 
amp phase-to-neutral load on a five-wire, two-phase 
system. 


SIER 1: 22022 


150 A x 140% = 210 A 
ANSWER: The neutral load is 210 amps. 


220-22 


Figure 10-42. Figuring the neutral load on a five-wire, two-phase system. 


OVERCURRENT 
PROTECTION DEVICE 


10 KVA, 240 V ELECTRIC 
SPACE-HEATING LOAD 
(PHASE-TO-PHASE) 


PANELBOARD FEEDING 25 KVA, 
120/240 V LIGHTING AND APPLIANCE 
LOAD (PHASE-TO-NEUTRAL) 


220-22 


PROBLEM: Determine the size neutral load for a 10- 
kVA, 240-volt electric space-heating load and a 25-kVA, 
120/240-volt lighting and appliance load. 
STEP 1: 220-22) 

Only the phase-to-neutral load is considered. 


STEP 2; 25,000VA = 104A 
240 V 


ANSWER: The neutral load per phase is 104 amps. 


Figure 10-43. Figuring the neutral load for combination loads, 


OVERCURRENT 
PROTECTION DEVICE 


8 kW RANGE LOAD 

WITH DEMAND LOAD 
APPLIED PER 

TABLES 220-18 AND 220-19 


220-22 


PROBLEM: Determine the neutral load for an 8,000- 
watt range. 


STEP 1: 270-19(b), Ex. 1 and 220-22. 


70% may be applied to the demand load of 
the range. 


8,000 VA x 70% = 5,600 VA 
ANSWER: The neutral load is 5,600 volt-amps. 


Figure 10-44. Figuring the neutral load for the demand load 
of a range. The neutral load of a dryer may also be found by 
this method. 
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Water Heater Loads — 422-14(b) 


All water heaters that are fixed in place and rated for 
120 gallons or less must have circuit conductors 
figured at 125% of their full-load current rating. 
These water heaters are considered continuous loads. 
The nameplate full-load current rating of the water 
heater is figured at 100% when applied to the rating 
of the service-entrance conductors (Figure 10-45). 


OVERCURRENT 
PROTECTION DEVICE 


6 KW WATER HEATER wa 


NOTE: SEE 220-17 422-14(b) 


PROBLEM: Determine the service load and branch- 
circuit load for a 6-kW water heater. 
SERVICE LOAD 
STEP 1: 422-14(b). 
6,000 VA x 100% = 6,000 VA 
ANSWER: The service load is 6,000 volt-amps. 


BRANCH-CIRCUIT LOAD 
STEP 1: 422-14(b). 


6,000 VA x 125% = 31 A 
240 V 


ANSWER: The branch-circuit load is 31 amps. 


Figure 10-45. Figuring the load for a water heater and applying it 
to the service and branch circuit. 


Heating Unit Loads — 220-15 and 
424-3(b) 

The conductors supplying a heating cable or heating 
equipment must have an ampacity equal to 125% of 
the total load. If the heating equipment is equipped 
with a motor, the motor load must be figured at 125% 
also. 

The nameplate full-load current rating of the 
heating equipment is figured at 100% when applied 
to the rating of the service-entrance conductors 
(Figure 10-46). 
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si al 


PROTECTION DEVICE 


20 KW HEATING UNIT 
W/3A BLOWER MOTOR 


220-15; 424-3(b) 


PROBLEM: Determine the service load and branch- 
circuit load for a 20-kW heating unit. 


| SERVICE LOAD 


Í STEP 1: 220-15. 
| 20,000 VA x 100% = 20,000 VA 
| ANSWER: The service load is 20,000 voit-amps. 


| BRANCH-CIRCUIT LOAD 
STEP 1: 424-3(b). 
20,000 VA =83A 
240 V 


Heating elements = 83 A 
Blower motor = 3A 


86 A 
86 A x 125% = 107.5 A 
ANSWER: The branch-circuit load is 107.5 amps. 


Figure 10-46. Figuring the load for a heating unit and applying it 
to the service and branch circuit. 


Noncoincident Loads — 220-21 


When two loads cannot operate simultaneously, the 
NEC permits the smaller of the two loads to be 
dropped. Only the larger load is used to figure the 
feeder circuit load. If two branch circuits originate in 
a panelboard fed by a feeder, with one circuit 
supplying a 25-amp air conditioner and the other 
circuit supplying a 42-amp central-heating unit, the 
25-amp air conditioner load may be disregarded. 


Motor Loads — 220-14, 430-22(a), 
430-24, 430-25, and 430-26 


Motors are considered to be rated at continuous duty 
unless the driven apparatus is designed to prevent 
the motor from running continuously. Conductors 
must be sized and rated with an ampacity of at least 
125% of the motor’s full-load current rating when the 


motor is rated continuous duty. Conductors feeding 
a group of motors must have an ampacity rating of at 
least 125% of the largest motor of the group, plus the 
full-load running current of the remaining motors of 
the group. Conductors supplying motors used for 
short-time, intermittent, periodic, or varying duty 
may have an ampacity rating by the percentages 
listed in Table 430-22(a), Exception, according to 
the classification of the service. 

Conductors supplying motors and other loads such 
as lighting and appliance loads must have an ampacity 
of at least 125% of the largest motor plus the sum of 
the continuous or noncontinuous loads. 


One Motor. To find the load of a motor, multiply the 
motor’s full-load current rating by 125%. Figure 
10-47 shows step-by-step procedure to follow for 
determining motor loads. 


ee) 


Le eon 


PROTECTION DEVICE 


A 1/2 HP, 1PH MOTOR 


430-22(a) 


PROBLEM: Determine the load for one 1/2-horse- 
power motor. 


STEP 1: Table 430-148. 
12-horsepower motor = 9.8 A 
STEP 2: 430-22(a). 

9.8 A x 125% = 12.25 A 
ANSWER: The load for the motor is 12 amps. 


Figure 10-47. Figuring the load for one motor. 


Two or More Motors. To find the load of two or 
more motors, mutliply the full-load current rating of 
the largest motor by 125%. Add the full-load current 
rating of the remaining motors. Figure 10-48 shows 
step-by-step procedure to follow for determining the 
load of three motors of 1 horsepower, %4 horsepower, 
and '4 horsepower, respectively. All motors are 120- 
volt, single-phase. 


OVERCURRENT 
moe PROTECTION DEVICE 
oy 


vA +HP, 1PH MOTOR 
1/2 HP, IPH MOTOR 3/4 HP, 1PH MOTOR 
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PROBLEM: Determine the load for three motors. 


STEP 1: Table 430-148. 


Horsepower 
Vp 
Sa 
1 


STEP 2: 430-24. 
16 Ax 125% =20A 


plus full-load current of each 13.8A 
remaining motor of the group 9.8 A 


from Table 430-148. 43.6 A 
ANSWER: The load for these motors is 44 amps. 


Figure 10-48. Figuring the load for two or more motors. 


Motors and Other loads. To find the combined 
load of one or more motors connected with other 
loads, multiply the full-load current rating of the 
largest motor by 125%. Add the full-load current 
ratings of the remaining motors to the remaining 
loads, figured at continuous or noncontinuous ratings 
per 220-10(b). Figure 10-49 shows the step-by-step 
procedure for finding the load of a 10-horsepower, 
240-volt, single-phase motor with a 100-amp, 
120/240-volt lighting and appliance load which is 
noncontinuous. 


Minimum Service Rating — 230-42(b) 


The electrical service must have a sufficient rating to 
supply the computed load of a dwelling unit. However, 
the NEC will not allow a service rating below a 


OVERCURRENT 
PROTECTION DEVICE 


10 HP, 1PH, 240 V MOTOR 


100 A, 120/240 V NONCONTINUOUS 
LIGHTING AND APPLIANCE LOAD 


430-25; 430-24 


certain amperage. The purpose of this is to ensure 
that additional loads can be added without requiring 
a service change. The installation of electrical service 
far exceeding anticipated demands is not recommended 
because of prohibitive cost factors and the ongoing 
development of new and improved electrical 
components. 

Section 230-42(b) gives the size and rating for 
service-entrance conductors as: 

1. A single-family dwelling with six or more two- 
wire branch circuits requires a minimum of a 100- 
amp, three-wire service. 

2. A single-family dwelling with 10-kVA or more 
service requires a minimum of a 100-amp, three-wire 
service. 

3. Other occupancies require a 60-amp service. 


PROBLEM: Determine the combined load for a 10- 
horsepower, single-phase motor and a 100-amp 
noncontinuous lighting and appliance load. 
STEP 1: Table 430-148. 

10-horsepower motor =50A 
STEP 2: 430-25; 430-24; 220-10(b). 


50 amps x 125% = 62.5 
100 amps x 100% = 100. 


162.5A 
ANSWER: The combined load is 162.5 amps. 


Figure 10-49. Figuring the load for a motor and other loads. 
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Applying Note 3 of Notes to Ampacity Tables of 
0 to 2000 Volts. Note 3 may be applied to service- 
entrance conductors or feeders that carry the total 
load supplied by that service. This note permits a 
175-amp, three-wire, single-phase service to be 
served by #1/0 THW copper conductors rated at 
150 amps each for two reasons. 

The first reason is that a dwelling unit will never 
use all the loads at one time. For example, the small 
appliance circuits will never be used continuously for 
a sustained period of time. Also, lights and receptacles 
will be used concurrently, not simultaneously. 

The second reason is that the neutral is never fully 
loaded, since it carries only the unbalanced load of all 
120-volt loads. Therefore, the neutral carries heat 
from the other hot, ungrounded conductors and 
dissipates it, providing a cooler ambient medium for 
the hot conductors (Figure 10-50). 


Number of Branch Circuits 


The number of two-wire branch circuits required to 
serve the general lighting and receptacle loads for a 


3W SERVICE 
(THW COPPER CONDUCTORS) 
METER 


3W SERVICE 
{THW COPPER CONDUCTORS) 


SUBFED PANEL 


175 A SERVICE EQUIPMENT 
NOTE: NEUTRAL CONDUCTOR 
CAN BE NO SMALLER THAN 
TWO TRADE SIZES OF 

PHASE CONDUCTORS 


Note 3 of Notes to Ampacity Tables 
of 0 to 2000 Volts 


PROBLEM: Determine the size service conductors 
required to supply a 175-amp service load, using 
Note 3 of Notes to Ampacity Tables 0 to 2000 Volts. 


STEP 1: Note 3. 
175-amp service load 
STEP 2: Note 3. 


150-amp rated copper conductors are 
permitted. 


ANSWER: 150-amp, #1/0 THW copper conductors 
are required. 


Figure 10-50.Figuring the minimum size conductors to sup- 
ply a dwelling unit using Note 3 of Notes to Ampacity Tables 
of 0 to 2000 Volts. 


dwelling unit is determined by multiplying the outside 
dimensions of the dwelling unit by three volt-amps 
per square foot, per Table 220-3(b). The other circuits 
are determined by the loads served. They are sized by 
whether they are rated as continuous or noncon- 
tinuous. Figure 10-51 illustrates the procedure for 
selecting the size and number of branch circuits. 


Sizing Service-entrance Conductors 
and Elements by Standard Calculation 


The standard calculation to determine the size of 
service-entrance conductors supplying a dwelling 
unit requires grouping the loads into the following 
three loads. 

1. General lighting and receptacle loads 

2. Small appliance loads (including laundry loads) 

3. Special appliance loads 

Figure 10-52 illustrates the procedure for deter- 
mining the size service-entrance conductors required 
to supply a dwelling unit. The standard calculation is 
used. 


Applying Note 3 of Notes to Ampacity Tables of 0 
to 2000 Volts. Note 3 allows certain service conduc- 
tors to be used at higher ampacity ratings than those 
listed in Table 310-16. Service-entrance conductors 
for dwelling units supply loads of great diversity. The 
conductors will seldom supply full demand loads of 
their ampacity rating due to intermittent electrical re- 
quirements of household occupants. 

For example, a dwelling unit with a total connected 
load of 173 amps would require two #2/0 THW copper 
conductors to be used for service-entrance conductors. 
However, Note 3 of Notes to Ampacity Tables of 0 to 
2000 Volts permits two #1/0 THW copper conductors 
to be used as service-entrance conductors for a dwell- 
ing unit with a load of 173 amps. The neutral conductor 
can be no smaller than two trade sizes of phase con- 
ductors. 


Sizing Service-entrance Conductors by 
Optional Calculation 


Section 220-30 provides an optional method for 
computing the size of service-entrance conductors or 
feeder circuit conductors to supply a dwelling unit. 
The optional calculation may be used if the dwelling 
is supplied by a single-phase, three-wire, 120/240- 
volt or 120/208-volt service or feeder. The conductors 
supplying the dwelling must be rated at 100 amps or 
more. Therefore, the optional calculation is used for 
a dwelling with a large electrical load. The neutral 


PROBLEM: Determine the total number and size of 
branch circuits and number and size of circuit 
breakers required fora3,000 sq. ft. dwelling unit with 
the following loads: 


e General lighting and receptacle circuits 
è Two small appliance circuits and one laundry circuit 
e Special appliance circuits: 

One 12-kVA range 

One 1.2-kVA dishwasher 

One 0.8-kVA compactor 

One 6-kVA water heater 


GENERAL LIGHTING AND 
RECEPTACLE LOADS 


STEP 1: Table 220-3(b). 
3,000 sq. ft. x 3 VA = 9,000 VA 
STEP 2: 220-3(a). 


120 Vx 15 A (circuit breaker capacity) 
= 1,800 VA 


STEP 3: 220-4(a). 
9,000 VA -5 
1,800 VA 


ANSWER: Five 15-amp, two-wire circuits are required. 
Note: #14-2 with ground (Romex) is selected for con- 
venience of terminating to receptacles. See 300-14. 


SMALL APPLIANCE CIRCUITS 
STEP 1: 220-16(a,b). 
Three 20-amp circuits 


ANSWER: Three 20-amp, two-wire circuits are re- 
quired. 


SPECIAL APPLIANCE CIRCUITS 

12-kVA Range 

STEP 1: Table 220-19, Column A 
8 kVA = 8,000 VA 


8,000 VA — 33 A 
240 V 


STEP 2: 240-6. 
33 A= 35-amp device 
ANSWER: One 35-amp, three-wire circuit is required. 


1.2-kVA Dishwasher 
STEP 1: 220-3(a). 
1.2 kVA = 1,200 VA 
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SIER 2:7220-3(a): 
1,200 VA = 10A 
120 V 
STEP 3: 240-6. 
10 A= 15-amp device 
ANSWER: One 15-amp, two-wire circuit is required. 


0.8-kVA Compactor 
STEP 1: 220-3(a). 

0.8 kVA = 800 VA 
STEP 2: 220-3(a). 

800 VA = 6 6A 

120 V 


STEP 3: 240-6. 
6.6 A= 15-amp device 
ANSWER: One 15-amp, two-wire circuit is required. 


6-kVA Water heater 
STEP 1: 422-1 4(b). 

6 kVA = 6,000 VA 
STEP 2: 422-14(b). 


6,000 VA x 125% _ 31A 
240 V 


STEP 3: 240-6. 
31 A= 35-amp device 
ANSWER: One 35-amp, three-wire circuit is required. 


ANSWER 
Number and Size of Branch Circuits: 220-3. 


General lighting and receptacle loads: Five 15- 
amp, two-wire circuits. 


Small appliance circuits: Three 20-amp, two-wire 
circuits 


Special appliance circuits: Two 35-amp, three- 
wire circuits and two 15-amp, two-wire circuits 


Number and Size of Circuit Breakers: 384-15. 


Seven 15-amp, single-pole circuit breakers 
Three 20-amp, single-pole circuit breakers 
Two 35-amp, two-pole circuit breakers 


Figure 10-51. Figuring the total number and size of branch circuits and number and size of circuit breakers required to serve a dwelling unit. 
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PROBLEM: Determine the size service-entrance 
conductors required for Phases A and B and the 
neutral of a 3,200 sq. ft. dwelling unit with the 
following loads: 


e General lighting and receptacle loads 
e Two small appliance loads and one laundry load 
e Special appliance loads 

Range 12,000 VA 

Dryer 6,000 VA 

Heating 30,000 VA 

Water heater 6,000 VA 

Dishwasher 1,500 VA 

Compactor 900 VA 

Disposal 800 VA 

Attic fan 1,600 VA 

Vent fan 400 VA 

AIC unit 6,000 VA 


GENERAL LIGHTING AND 
RECEPTACLE LOADS 


STEP 1: Table 220-3(b). 
3,200 sq. ft. x 3 VA = 9,600 VA 


ANSWER: The general lighting and receptacle load 
is 9,600 volt-amps. 


SMALL APPLIANCE LOADS 
STEP 1: 220-16(a,b). 


Small appliance loads: 
1,500 VA x 2= 3,000 VA 


Laundry loads: 
1,500 VAx 1= 1,500 VA 


3,000 VA + 1,500 VA= 4,500 VA. 


ANSWER: The small appliance load is 4,500 volt- 
amps. 


SPECIAL APPLIANCE LOADS 
STEP 1: 220-3(c)(1)(2). 


Range 12,000 VA 
Dryer 6,000 VA 
Heating 30,000 VA 
Water heater 6,000 VA 
Dishwasher 1,500 VA 
Compactor 900 VA 
Disposal 800 VA 
Attic fan 1,600 VA 
Vent fan 400 VA 
AIC unit 6,000 VA 


APPLYING DEMAND FACTORS TO FIRST AND 
SECOND LOADS 


STEP 1: Table 220-11. 


General lighting and receptacle loads: 
9,600 VA 


Small appliance loads: 
4,500 VA 


9,600 VA + 4,500 VA= 14,100 VA 


STEP 2: Table 220-11. 


First 3,000 VA at 100%: 
3,000 VA 


Next 11,100 VA at 35%: 
3,885 VA 


3,000 VA+ 3,885 VA= 6,885 VA 
ANSWER: The demand load is 6,885 volt-amps. 


APPLYING DEMAND FACTORS TO THIRD LOAD 
12-kVA Range 


STEP 1: Table 220-19, Column A 
12-kVA range= 8,000 VA 


ANSWER: The range demand load is 8,000 volt- 
amps. 


6-kVA Dryer 
STEP 1: Table 220-18. 
Less than four dryers = 100% 


ANSWER: The dryer demand load is 6,000 volt- 
amps. 


Fixed Appliances 
STEP 1: 220-17. 
VA x 75% = demand load 


Water heater 6,000 VA 
Dishwasher 1,500 VA 
Compactor 900 VA 
Disposal 800 VA 
Attic fan 1,600 VA 
Vent fan 400 VA 


11,200 VA 
11,200 VAx 75% = 8,400 VA 


ANSWER: The fixed appliances demand load is 
8,400 volt-amps. 


OTHER LOADS 
30-kVA Heating Unit 


Sule Ve 2205: 
VA x 100% = load 
ANSWER: The heating unit load is 30,000 volt-amps. 


LARGEST MOTOR 
1,600-VA Attic Fan 


STEP 1: 220-14. 
VA x 25% = load 


1,600 VAx25%= 400 VA 
continued 


ANSWER: The largest motor load is 400 volt-amps. 


TOTAL LOADS FOR PHASES AANDB 
STEP 1: Add all loads: 


General! lighting 
Range 


6,885 VA 
8,000 VA 


Dryer 6,000 VA 
8,400 VA 
30,000 VA 
400 VA 


59,685 VA 


Fixed appliance 
Heating load 
Largest motor 


STEP 2: |= 59,685 VA = 249 A 
240 V 


ANSWER: The total connected load for Phases A 
and B is 249 amps. 


TOTAL NEUTRAL LOADS 


SUlel? ie 
220-22: General lighting: 6,885 VA 


220-17: Fixed appliances: 
Dishwasher 
Compactor 
Disposal 
Attic fan 
Vent fan 


1,500 VA 
900 VA 
800 VA 

1,600 VA 
400 VA 


5,200 VA 
5,200 VA x 75% = 3,900 VA 


220-22. Range load: 
8,000 VA x 70% = 5,600 VA 


220-22: Dryer load: 
6,000 VA x 70% = 4,200 VA 


220-14. Largest motor: 
1,600 VA x 25% = 400 VA 


4,200 + 6,885 + 3,900 + 5,600 + 400 
= 20,985 VA 


= 87A 


STEP 2: 
|= 20,985 
240 V 


ANSWER: Table 310-16, Column 2. One #3 THW 
copper conductor is required. 


ANSWER 


Phases A and B: 
Table 310-16, Column 2. Two #250 kcmil-THW cop- 
per conductors are required. Note 3 to Table 
310-16 allows #4/0 THW. 

Neutral: 
250-23(b). One #2 THW copper conductor is re- 
quired. Note 3 to Table 310-16 allows #2/0 THW. 


Figure 10-52. Figuring the size of service-entrance conductors 
using the standard calculation. 
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may be sized by the optional method or by Article 
220, Part B. 

The total load must be divided into two separate 
loads when the optional method is used to compute 
the size of service-entrance conductors or feeder 
circuit conductors. These two separate loads are (1) 
other loads and (2) air conditioning loads. 

1. Other loads include the general lighting and 
receptacle loads determined at 3 volt-amps per 
square foot and the small appliance and laundry 
branch circuits at 1,500 volt-amps each, plus the 
nameplate ratings of all special appliances and motor 
loads. With the optional calculation, it is not necessary 
to increase load ratings or apply demand factors to 
motors. 

2. The air conditioning load must be figured at 
100% and compared to 40% of the total nameplate 
load rating of four or more separately controlled 
electric space-heating units. If there is one, or fewer 
than four separately controlled space-heating units, 
the air conditioning load must be compared to 65% of 
the total nameplate load rating of the heating unit. 
The smaller total connected load of the air conditioning 
or central heating unit may be dropped. 

In some cases, 65% of the nameplate load rating of 
less than four space-heating units will be less than 
the total connected air conditioning load. In these 
cases, the space-heating load is dropped. With all the 
loads listed in Table 220-30 added together for a 
total other load rating of 36,700 volt-amps, demand 
factors may be applied as follows: 


First 10,000 VA at 100% = 10,000 VA 
Next 26,700 VA at 40% = 10,680 VA 
20,680 VA 


The air conditioning load compared to 65% of the 
nameplate load rating of an electric space-heating 
unit, or to 65% of the total nameplate load rating of 
less than four separately controlled electric space- 
heating units, is added to the other load. 

For four or more electric space-heating units, a 
40% demand factor of the total connected load is 
applied to the nameplate rating of each unit. An 
optional calculation may be used to determine the 
size of service-entrance conductors and elements. 
This optional calculation is easier to use than the 
standard calculation. 

Feeder and service-entrance conductors whose 
demand load is determined by the optional calculation 
are permitted to have the neutral load determined 
according to 220-22. The loads identified in Table 
220-30 as other loads and as remainder of other loads 
include the following: 
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1. A total of 1,500 volt-amps for each two-wire, 
20-amp small appliance branch circuit and each 
laundry branch circuit specified in 220-16. 

2. A total of 3 volt-amps per square foot for 
general lighting and general-use receptacles. 

3. The nameplate rating of all fixed appliances, 
ranges, wall-mounted ovens, counter-mounted cooking 
units, and four or more separately controlled space- 
heating units. 

4. The nameplate amp or kVA rating of all motors 
and of all low—power-factor loads. 

5. When applying 220-21, use the largest of the 
following: 

a. The air-conditioning load. 

b. The 65% diversified demand of the central 
electric space-heating load. 

c. The 65% diversified demand of the load of 
fewer than four separately controlled electric 
space-heating units. 

d. The 40% diversified demand of the load of 
four or more separately controlled electric 
space-heating units. 

The optional calculation for determining the size 
of service-entrance conductors and elements resulted 
from a study conducted by various electric utility 
companies to ascertain the peak loads registered ona 
demand meter for one year. This study showed that a 
dwelling unit will never pull its total connected load, 
as computed by the standard calculation, at any 
given time. Consequently, the optional calculation 
may be used to determine the size of service- 
entrance conductors and elements for a dwelling 
unit. 


One Electric Space-heating Unit — Table 220-30. 
A heating unit is figured at 65% of the nameplate load 
rating and compared to the air conditioning load. The 
smaller of these two loads is dropped. The heating 
unit load is added to other loads, and the service is 
ready to be sized. Figure 10-53 shows the step-by- 
step procedure for figuring the size of service- 
entrance conductors required with one electric space- 
heating unit. 


Fewer than Four Electric Space-heating Units 
— Table 220-30. Fewer than four space-heating 
units are figured at 65% of the total nameplate load 
rating. This total is compared to the air conditioning 
load, and the smaller of the two loads is dropped. The 
remaining total load is then added to other loads, and 
the service is sized. In some cases, the heating load 
may be the smaller connected load of the two after 
the demand factors are applied. 

The method for determining the size of service 
conductors for a dwelling unit with three or fewer 


space-heating units is similar to the method used 
when only one space-heating unit is present. The 
difference in the two methods is that, for three or 
fewer space-heating units, the full-load nameplate 
ratings are totaled and multiplied by a derating 
factor of 65%. This figure is then added to the total 
other loads to find the total connected loads. 

For example, if total other loads are 18,800 volt- 
amps and there are three space-heating units with 
full nameplate ratings of 8,000 volt-amps each, 
multiply 65% by 24,000 volt-amps to obtain 15,600 
volt-amps. Add 18,800 volt-amps and 15,600 volt- 
amps to obtain 34,400 volt-amps, which is the total 
connected load. A summary of these calculations 
follows: 


Other loads = 18,800 VA 


Heating loads 
24,000 VAx65% = 15,600 VA 


Total Connected 
Load 34,400 VA 


Four or More Electric Space-heating Units — 
Table 220-30. Four or more space heating units are 
figured at 40% of the total nameplate load rating. 
This total is compared to the air conditioning load, 
and the smaller of the two loads is dropped. The 
heating unit’s total load is then added to other loads, 
and the service is sized. The nameplate load rating is 
usually the larger connected load when more than 
four electric space-heating units are used. 

For example, if the total other loads of a dwelling 
unit are 18,800 volt-amps, and there are four electric 
space-heating units of 30,000 volt-amps, multiply 
30,000 volt-amps by 40% to obtain 12,000 volt- 
amps. This load is added to 18,800 volt-amps to 
obtain 30,800 volt-amps, which is the total connected 
load for the dwelling unit. A summary of these calcu- 
lations follows: 


Other loads = 18,800 VA 


Heating loads 
30,000 VAx 40% = 12,000 VA 


Total Connected 
Load 30,800 VA 


Air Conditioning Load — Table 220-30. The air 
conditioning load is figured at 100% of the total 
nameplate load rating and compared to the total 
nameplate load rating of the electric space-heating 
units. The smaller of the two loads is dropped. 


PROBLEM: Determine the size service-entrance 

conductors required for Phases A and B and the 

neutral of a 2,000 sq. ft. dwelling unit with the 

following loads: 

e General lighting and receptacle loads 

e Two small appliance loads and one laundry load 

e Special appliance loads 
Two wall-mounted 4-kVA ovens 8,000 VA 
Cooktop 6,500 VA 
Heating 25,000 VA 
Air conditioning 9,000 VA 
Water heater 5,000 VA 
Dishwasher 1,200 VA 
Disposal 1,000 VA 


OTHER LOADS 
STEP 1: Table 220-30. 


General lighting and receptacle loads: 
2,000 sq. ft. x 3 VA = 6,000 VA 


Small appliance loads: 
1,500 VA x 2= 3,000 VA 


Laundry load: 
1,500 VA x 1 = 1,500 VA 


Wall-mounted ovens: 
4 kVA x 2 = 8,000 VA 


Cooktop =6,500 VA 
Water heater = 5,000 VA 
Dishwasher = 1,200 VA 
Disposal = 1,000 VA 
Total loads = 32,200 VA 
ANSWER: The other loads are 32,200 volt-amps. 


HEATING LOAD 
STER k 220-21 


Drop smallest of heating or air conditioning 
load 


ANSWER: The heating load is 25,000 volt-amps. 


APPLYING DEMAND FACTORS 
Other Loads 


STEP 1: Table 220-30. 


First 10,000 VA at 100% = 10,000 VA 
Next 22,200 VA at 40% = 8,880 VA 


ANSWER: The demand load is 18,880 volt-amps. 


Heating Load 
STEP 1: Table 220-30. 

25,000 VA x 65% = 16,250 VA 
ANSWER: The demand load is 16,250 volt-amps. 
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TOTAL LOADS FOR PHASES A and B 


STEP 1: Add all loads: 
Other loads =18,880 VA 
Heating load = 16,250 VA 


18,880 VA + 16,250 VA= 35,130 VA 


STEP 2: |= 35,130 VA _= 146 A 
240V 


ANSWER: The total connected load for Phases A 
and B is 146 amps. 


TOTAL NEUTRAL LOADS 
STERKI 


220-22. General lighting and receptacle loads: 
6,000 VA 


220-16(a,b). Small appliance loads: 4,500 VA 
4,500 VA 


6,000 VA+ 4,500 VA= 10,500 VA 


General lighting and receptacle loads and small 
appliance loads: 10,500 VA 


Table 220-11. First 3,000 VA at 100% = 3,000 VA 
Next 7,500 VA at 35% = 2,625 VA 


3,000 VA+ 2,625 VA= 5,625 VA 


Table 220-19, Column C. Cooking Equipment 
14,500 VA x 55% = 7,975 VA 


220-22. 7,975 VAx 70% = 5,583 VA 


220-3(c)(1). Dishwasher = 1,200 VA 
220-3(c)(2). Disposal = 1,000 VA 


220-14. Largest motor x 25% 
1,000 VA x 25% = 250 VA 


Total neutral loads = 13,658 VA 
STEP 2: |= VA_ 
V 
pa eieeO VA 057 A 
240 V 
ANSWER: The neutral load is 57 amps. 


ANSWER 

Phases A and B: 
Table 310-16, Column 2: Two #1/0 THW copper 
conductors are required. 


Neutral: 
Table 310-16, Column 2: One #6 THW copper 
conductor is required. 
Note 3 of Notes to Ampacity Tables of 0 to 2000 Volts may 
be applied. 


Figure 10-53. Figuring the size of service-entrance conductors, with one heating unit, using the optional calculation. 
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If the largest of the two loads is the heating load, 
apply derating factors based upon the number of 
heating units and add to the sum of the other loads. If 
the largest of the two loads is the air conditioning 
load, add 100% of the full-load nameplate rating of 
the air conditioning load to the other loads to 
determine the total connected load. 

For example, if a dwelling unit has other loads of 
18,800 volt-amps, a heating load of 8,400 volt-amps 
after 65% is applied, and an air conditioning load of 
9,600 volt-amps, drop the smaller heating load 
(8,400 volt-amps). Add the larger air conditioning load 
(9,600 volt-amps) to the other loads (18,800 volt- 
amps) to obtain the total connected load of 28,400 
volt-amps. A summary of these calculations follows: 


Other loads = 18,800 VA 


Air Conditioning load 
9,600 VAx 100% = 9,600 VA 


Total connected load 
= 28,400 VA 


DESIGNING ADDITIONAL LOADS 
IN EXISTING DWELLING UNITS 
HAVING 60-AMP, THREE-WIRE 
SERVICE — 220-31 


Many existing dwelling units are supplied by a 60- 
amp, three-wire service. This size service was not 
designed to supply large appliance loads. Many 
homeowners today wish to have numerous appliances 
for convenience. The NEC provides an optional 
calculation for determining the largest load that may 
be added without overloading the existing 60-amp, 
three-wire service. This optional calculation varies 
depending upon the type of major appliance added. 


Calculation for 60-amp, Three-wire 
Service without Air Conditioning or 
Heating Added — 220-31 


When neither air conditioning nor electric space- 
heating is added to an existing 60-amp or larger, three- 
wire service, the first 8 kVA are figured at 100%, and 
the calculation of any load exceeding 8 kVA has a 40% 
demand factor applied. See Figure 10-54 for the 
step-by-step procedure to follow when figuring the 
load that may be added to this type of service. 
The maximum nameplate rating of a special 
appliance that could be added to a 1,200 sq. ft. 


dwelling with a 60-amp, three-wire service having an 
existing 10-kW range is 7,400 volt-amps. This is 
determined by multiplying 1,200 sq. ft. by 3 volt- 
amps to obtain 3,600 volt-amps and adding 3,000 
volt-amps for two small appliance circuits to 10,000 
volt-amps for the existing range. NOTE: All existing 
dwellings with 60-amp, three-wire services will have 
a laundry circuit. The total subtracted (16,600 volt- 
amps) from 24,000 volt-amps, (60 VA x 240 V = 
24,000 VA) equals 7,400 volt-amps. A summary of 
these calculations follows: 


Permittedload = 24,000VA 


Calculated load = 16,600 VA 


Additional load 7,400 VA 


PROBLEM: Determine the total connected load that 
may be added, not including air conditioning or 
heating, to an existing 60-amp, three-wire service. 
X= TOTAL CONNECTED LOAD. 


STER T: 22031 


60 A x 240 V = 14,400 VA 


STEP 2: 8,000 VA + .4 (X — 8,000 VA) = 14,400 VA 
.4 X= 14,400 VA — 8,000 VA + 3,200 VA 
: 14,400 VA — 4,800 VA 


X= 24,000 VA 


ANSWER: The total connected load is 24,000 volt- 
amps. 


Figure 10-54. Figuring the load that may be added to an existing 
60-amp, three-wire service with no major appliance added. 


Calculation for 115-amp, Three-wire 
Service with Air Conditioning or 
Heating Added — 220-31. 


The air conditioning or electric space-heating load 
must be figured and added with a 100% demand 
factor applied. The formula for determining the 
capacity of the existing 115-amp, three-wire service 
involves adding 100% of the air conditioning load 
and 100% of one, or fewer than four, electric space- 
heaters. The smaller of the two loads is disregarded. 
For more than four electric space-heating units, the 
nameplate ratings are added to the other loads and 
the demand factors applied. The first 8 kVA of all 


other loads are figured at 100%, and 40% of all the 
remaining loads is added. Other loads include: 

1. The general lighting and receptacle loads. 

2. The small appliance loads. 

3. All special appliances at nameplate ratings. 

See Figure 10-55 for the step-by-step procedure to 
follow when figuring the load that may be added to an 
existing 115-amp, three-wire service when a major ap- 
pliance is added. 


PROBLEM: Can a 6000-volt-amp, 240-volt air condi- 
tioner be added to an existing 115-amp, three-wire ser- 
vice in an existing dwelling unit with the following 
loads? 

(a) 1600 sq. ft. dwelling unit 

(b) 12 kW range 

(c) 5.5 kW water heater 

(d) 1.6 kW dishwasher 

(e) 1.8 kW attic fan 


STEP 1: 220-31. 
1600isa ite x S3 = 
1500 VA x 2 
1500 VA x 1 
12 kW range = 
5.5 kW water heater = 
1.6 kW dishwasher = 
1.8 kW attic fan = 


4800 VA 
3000 VA 
1500 VA 
12,000 VA 
5500 VA 
1600 VA 
1800 VA 


30,200 VA 


STEP 2: 220-31. Apply demand factors. 


First 8000 VA x 100% = 
Next 22,200 VA x 40% = 
Plus A/C load x 100% = 


8000 VA 
8880 VA 
6000 VA 


22,880 VA 
220-31. 
= VA 
V 
22,880 VA 
240 V 


| = 95 amps 


ANSWER: Yes, the air conditioner load can be added 
with 20 amps to spare (115 — 95 = 20 A). 


220-31 


Figure 10-55. Figuring the maximum air conditioning unit that 
may be added to an existing 115-amp, three-wire service. 


DESIGNING SERVICE-ENTRANCE 
CONDUCTORS FOR MULTIFAMILY 
DWELLINGS — 220, Part B, and 
220-32 


The standard method for computing the size service- 
entrance conductors or feeder conductors required 
may be used for any type of dwelling unit — a single- 
family residence, a duplex, or a single unit in a 
multifamily dwelling. 

The NEC provides an optional method to figure 
the size service-entrance conductors or main feeder 
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conductors which supply subfeeders for panelboards 
in individual dwelling units. The total connected load 
is multiplied by the demand factors selected from the 
total number of individual dwelling units in the 
complex. 


Sizing Service-entrance Conductors by 
Standard Calculation — 220, Part B 


The first step in the standard calculation is to 
compute the entire connected load of all individual 
loads served in each dwelling unit. The total of those 
individual loads is subjected to any demand factors 
permitted by the NEC. 

The general lighting and receptacle load is figured 
at 3 volt-amps times the square footage of each 
dwelling unit. The demand factors of Table 220-11 
are then applied to the total load. The fixed appliance 
load is determined by adding the total connected 
load of each appliance and then applying the demand 
factors of 220-17. Each clothes dryer is figured at its 
nameplate rating, and the demand factors of Table 
220-19 are applied. All individual range loads are 
added together, and the demand factors of Table 
220-19, column A, B, or C are applied. 

The air conditioning load is compared to the 
electric space-heating load, and the smaller of the 
two loads is dropped. The largest motor must be 
figured at 25% of its full-load running current. This is 
added to the total connected load. After demand 
factors are applied, the total connected load must be 
divided by the supplying voltage. 

Figure 10-56 shows the step-by-step procedure for 
determining the size service-entrance conductors 
required to supply individual dwelling units located 
in multifamily dwellings. The standard calculation is 
used. The feeder circuit or service conductors 
supplying each individual dwelling units may be 
determined by using either the standard or optional 
calculation. 

Any house loads must be computed according to 
Article 220, Part B. House loads are supplied from a 
meter at the main service equipment and are not 
served from a panel in any individual dwelling unit. 


Sizing Service-entrance Conductors by 
Optional Calculation — 220-32 


To compute the load to size service-entrance con- 
ductors supplying multifamily dwellings, the optional 
calculation may be used only when each individual 
dwelling unit is supplied by a single feeder circuit. 
The unit must be equipped with facilities for electric 
cooking and must have provisions for electric space- 
heating or air conditioning, or both. 
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PROBLEM: Determine the size service-entrance 

conductors required for Phases A and B and the 

neutral for twenty 900 sq. ft. units in a multifamily 

dwelling. The units have the following loads: 

e General lighting and receptacle loads 

e Two small appliance loads and one laundry load 
per unit 

e Special appliance loads 
Twenty 12-kW ranges 240,000 VA 
Twenty 10-kW heating units 200,000 VA 
Twenty 1.2 kW dishwashers 24,000 VA 
Twenty 1-kW disposals 20,000 VA 
Twenty 5-kW water heaters 100,000 VA 


GENERAL LIGHTING AND 
RECEPTACLE LOADS 


STEP 1: Table 220-3(b). 
900 sq. ft.x 3 VAx 20= 54,000 VA 


ANSWER: The general lighting and receptacle load 
is 54,000 volt-amps. 


SMALL APPLIANCE LOADS 
STEP 1: 220-16(a,b). 


Small Appliance Loads: 
1,500 VA x 2 x 20 = 60,000 VA 


Laundry Loads: 
1,500 VA x 1 x 20 = 30,000 VA 


ANSWER: The small appliance load is 90,000 volt- 
amps. 


SPECIAL APPLIANCE LOAD 
STEP 1: 220-3(c)(1)(2). 


Range 240,000 VA 
Heating 200,000 VA 
Dishwasher 24,000 VA 
Disposals 20,000 VA 
Water heaters 100,000 VA 


APPLYING DEMAND FACTORS TO FIRST AND 
SECOND LOADS 


STEP 1: Table 220-11. 


General lighting and receptacle loads 
= 54,000 VA 
Small appliance loads = 90.000 VA 


54,000 + 90,000 = 144,000 VA 
Table 220-11. 


First 3,000 VA at 100% = 3,000 VA 
Next 117,000 VA at 35% = 40,950 VA 
Remaining 24,000 VA at 25% = 6,000 VA 


3,000 + 40,950 + 6,000 = 49,950 VA 
ANSWER: The demand load is 49,950 volt-amps. 


APPLYING DEMAND FACTORS TO THIRD LOAD 
Ranges 


STEP 1: Table 220-19, Column A 
Twenty 12-kW ranges= 35,000 VA 


ANSWER: The range demand load is 35,000 volt- 
amps. 


Fixed Appliances 
STEP 1: 220-17. 
VA x no. of units x 75% = demand load 


Water heaters: 
20 x 5,000 VA x 75% = 75,000 VA 


Dishwashers: 
20 x 1,200 VA x 75% = 18,000 VA 


Disposals: 
20 x 1,000 VA x 75% = 15,000 VA 


75,000 + 18,000 + 15,000 = 108,000 VA 


ANSWER: The fixed appliance load is 108,000 volt- 
amps. 


OTHER LOADS 
Heating 


STEP 1: 220-15. 
10,000 VA x 20 = 200,000 VA 
ANSWER: The heating load is 200,000 volt-amps. 


Largest Motor 
Sie? ie ear et 
1,000 VA x 25% = 250 VA 
ANSWER: The largest motor load is 250 volt-amps. 


TOTAL LOADS FOR PHASES AANDB 
STEP 1: Add all loads: 


General lighting 
and receptacles 49,950 VA 


Range 35,000 VA 
Fixed appliances 108,000 VA 
Heating 200,000 VA 
Largest motor 250 VA 
Total loads = 393,200 VA 


STEP 2: |= VA_ |= 393,200 VA = 1 638 A 
W 240 V 


ANSWER: The total connected load for Phases A 
and B is 1,638 amps. 


continued 


TOTAL NEUTRAL LOADS 


SUE ies 
220-22. General lighting and receptacle load: 
49,950 VA 
220-17. Fixed appliances: 
Dishwashers = 18,000 VA 
Disposals = 15,000 VA 
220-22. Ranges: 
35,000 VA x 70% = 24,500 VA 
220-14. Largest motor: 
250 VA 


Total neutral loads = 107,700 VA 


STEP 2: |= 107,700 VAE 449 A 
240 V 


ANSWER: The total neutral loadis 449 amps. 


ANSWER 
Phases A and B: 
310-4. 1,638 A 


6 (no. runs per phase) 


Table 310-16, Column 2. Six runs of 300 kcmil THW 
copper conductors parallel-per-phase. 


= 273A 


Neutral: 


220-22. 449 A 
220-22. First 200 A at 100% = 200A 
Next 249 A at 70% = 174A 


374A 


310-4. 374A = 62A 
6 


Table 310-16, Column 2. Six runs of #1/0 THW 
copper conductors in parallel. NOTE: No conductor 
smaller than #1/0 may be connected in parallel. 


Figure 10-56. Figuring the size service-entrance conductors re- 
quired for a multifamily dwelling, using the standard calculation. 
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chosen according to the total number of dwelling 
units in the apartment building. For example, if the 
total connected load of ten dwelling units is 229,500 
volt-amps, a demand factor of 43% would reduce this 
connected load to 98,685 volt-amps. 

Figure 10-57 illustrates the procedure for deter- 
mining the service load or feeder circuit load using 
the optional calculation per Table 220-32. All house 
loads must be computed from the standard calculation 
and added to the connected load using the optional 
calculation. House loads are connected to a meter 
separate from the dwelling units. 


PROBLEM: Determine the size service-entrance 

conductors required for Phases A and B and the 

neutral of twenty 900 sq. ft. units in a multifamily 

dwelling. 

e General lighting and receptacle loads 

ə Two small appliance loads and one laundry load 
per unit 

e Special appliance loads 
Twenty 12-kW ranges 240,000 VA 
Twenty 10-kW heating units 200,000 VA 
Twenty 1.2-kW dishwashers 24,000 VA 
Twenty 1-kW disposals 20,000 VA 
Twenty 5-kW water heaters 100,000 VA 


ADD ALL LOADS 


STEP 1: 220-32(c). 
220-32(c)(2). General lighting and receptacle loads: 
900 sq. ft. x 3 VA x 20 = 54,000 VA 


220-32(c)(1). Small appliance loads: 
1,500 VA x 2 x 20= 60,000 VA 


220-32(c)(1). Laundry loads: 
1,500 VA x 1 x 20 = 30,000 VA 


220-32(c)(3). Range loads: 
12,000 VAx 20= 240,000 VA 


220-32(c)(5). Heating load: 
10,000 VA x 20= 200,000 VA 


220-32(c)(3). Dishwasher load: 
1,200 VAx20= 24,000 VA 


220-32(c)(3). Disposal load: 
1,000 VAx 20= 20,000 VA 


220-32(c)(3). Water heater load: 
5,000 VA x 20 = 100,000 VA 


Total loads = 728,000 VA 


ANSWER: The total connected load is 728,000 
volt-amps. 


The total connected load of all individual dwelling 
units may have a demand factor applied according to 
the total number of units per Table 220-32. 

The connected load on each phase conductor (hot) 
can be computed by multiplying the total connected 
load of all individual units by one of the demand 
factors listed in Table 220-32. The demand factor is 


APPLYING DEMAND FACTORS TO LOADS 
STERN: ielolla BeOS! 
728,000 VA x 38% = 276,640 VA 


ANSWER: The total demand load is 276,640 volt- 
amps. 


continued 
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STEP 2: |= 276,640 VA = 1,153 A 
240 V 


ANSWER: The total connected load for Phases A 
and Bis 1,153 amps. 


TOTAL NEUTRAL LOADS 


NOTE: See Figure 10-56. The standard calculation is 
used to determine the total neutral load. The total 
neutral load is 449 amps. 


ANSWER 

Phases A and B: 
310-4. 1,153 A 

6 (no. runs per phase) 

Table 310-16, Column 2. Six runs of #3/0 THW 

copper conductors parallel-per-phase. 


= 192A 


Neutral: 


See Figure 10-56. The standard calculation is 
used to determine the total neutral load. The total 
neutral load is 449 amps. 


Table 310-16, Column 2: Six runs of #1/0 THW 
copper conductors in parallel. 


Figure 10-57. Figuring the size service-entrance conductors re- 
quired for a multifamily dwelling, using the optional calculation. 


DESIGNING ELECTRICALSERVICE 
FOR MOBILE HOMES 


A mobile home is manufactured and assembled in a 
factory. It is designed to be movable from one location 
to another. Mobile homes can be considered per- 
manent dwelling units even though they are equipped 
with running gear assemblies for moving purposes. 
The service hook-ups provided by park owners must 
be installed according to the provisions of the NEC. 
New mobile homes must also comply with the require- 
ments of the Federal Mobile Home Construction 
Safety Standard(FMHCSS). All wiring and electrical 
installations must comply with the rules of both the 
FMHCSS and the NEC. 

The NEC requires that the service equipment fora 
mobile home be located outside and adjacent to the 


mobile home. The service equipment consists of a 
disconnecting means, an overcurrent protection 
device and a meter. It is located no more than 30’ 


from the mobile home and within sight. 
Mobile homes are required to have a plate at an 


exterior entrance listing the following: 


ı Connection for 120/240-volt, three-pole, four-wire, 60 
cycles or Hertz amperage. (Amperage of 
mobile home is inserted in the blank space on the plate.) 


The feeder panel must be equipped with an isolated 
neutral bus on which the neutral will be terminated. 
See 550-11(a). A main disconnect is required inside 
the mobile home. It may be a fused switch or circuit 
breaker (550-6). 

The grounding terminal bus is bonded to the feeder 
panel enclosure. All equipment grounding conductors 
terminate on the bus (550-11). Mobile homes shall not 
be supplied by a three-phase, four-wire service. The 
minimum rating of mobile home service equipment 
must be 100 amps unless cord- and plug-connected. 


Cord System — 550-5 


If the mobile home load is 50 amps or less, a cord may 
be used to connect the built-in distribution panel. 
The cord must be a four-conductor cord with three 
insulated circuit conductors and one insulated green 
grounding conductor. There is an exception that 
allows a 40-amp cord to be used where mobile homes 
have factory-equipped, gas or oil, heating and cooking 
equipment. 

The cord must always be approved and labeled for 
use with mobile homes and must be no longer than 
36’-6” but no shorter than 20’ (Figure 10-58). 


MOBILE HOME 


SUPPLY CORD 
20° TO 36-6" 


SERVICE 
EQUIPMENT 


we METER 
| 


FEEDER PANEL 


125/250 V, 50 A, 3 P, 4W 
GROUNDING TYPE PLUG 


550-5(d) 


Figure 10-58. Designing the electrical system for a mobile home, 
using a cord. 


Conduit System — 550-5 


The built-in distribution panel in the mobile home 
may be connected to the outside service equipment 
adjacent to the mobile home — see 550-5(a) — by 
using conduit to pull in two insulated ungrounded 
circuit conductors, one insulated neutral, and one 
insulated green grounding conductor. See 550-5(i)(1) 
and (2) and 550-24. 

The feeder panel must be equipped with an isolated 
neutral bus on which the neutral will be terminated. 
See 550-11(a). A main disconnect is required inside 
the mobile home. It may be a fused switch or a circuit 
breaker. See 550-6(a). 

Conduit must be buried in the ground per Table 
300-5. The minimum burial depth for conduit is 6”. 


Cable System — 550-5 


The built-in distribution panel in the mobile home 
can be connected to the outside service equipment 
adjacent to the mobile home — see 550-5(a) — by a 
feeder-circuit cable. The cable must contain two 
insulated ungrounded circuit conductors, one insu- 
lated neutral conductor, and one insulated green 
grounding conductor. 

The feeder panel must be equipped with an isolated 
neutral bus in which the neutral will be terminated. A 
main disconnect is required inside the mobile home. 
It may be a fused disconnect or a circuit breaker 
(550-6(a)). The grounding terminal bus will be bonded 
to the feeder panel enclosure and all equipment 
grounding conductors will terminate on the bus. 

The cable must be protected where exposed to 
physical damage. It must be buried no less than 24” 
in the ground per Table 300-5. 


Pedestal System — 550-5 


A pedestal is often used to accommodate service 
equipment, including the overcurrent protection 
device and the utility meter. In some cases, the meter 
will be on the pole, and only the overcurrent pro- 
tection device will be located on the pedestal. 
Pedestals are generally served by pad-mounted trans- 
formers. Service from the pedestal to the mobile 
home must be either rigid metal conduit, IMC, PVC, 
or approved cable. The service to the mobile home 
must be buried in the earth per Table 300-5. Rigid 
metal conduit requires a minimum burial depth of 6”; 
IMC requires 6”; PVC requires 18”; and approved 
cable requires 24’’. All pedestals must be properly 
grounded per 550-11. See Figure 10-59. 
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OVERCURRENT 
PROTECTION DEVICE 


FINISHED GRADE 
PEDESTAL \ 


RIGID METAL CONDUIT OR IMC (6”) 
PVC (18"') 


DIRECT BURIAL CABLE (24”) 


Table 300-5 


Figure 10-59. Burial depths for approved wiring methods of 
connecting a mobile home to a pedestal. 


Mast Weatherhead System — 550-5 


The built-in distribution panel in the mobile home can 
be connected to the outside service equipment adja- 
cent to the mobile home — see 550-5(i)(1) — by us- 
ing an overhead feeder circuit cable that contains 
two hot insulated conductors, one neutral insulated 
conductor, and one insulated grounding conductor. 
The feeder panel must be equipped with an isolated 
neutral bus on which the neutral will be terminated. 
See 550-11(a). A main disconnect is required inside the 
mobile home. It may be a fused disconnect or a cir- 
cuit breaker (550-6(a)). 

The grounding terminal bus will be bonded to the 
feeder panel enclosure and all equipment grounding 
conductors will terminate on the bus (550-11). Min- 
imum height of overhead conductors must comply 
with 230-24(b). 


Mobile Home Branch Circuits — 550-7 


The general lighting and receptacle circuits are figured 
at 3 volt-amps per square foot. The result is divided 
by the voltage times the circuit breaker rating. For 
example, an 800 sq. ft. mobile home would have a 
total of two 15-amp, two-wire circuits. This is derived 
by multiplying 800 sq. ft. by 3 volt-amps to obtain 
2,400 volt-amps. Next, the size of the circuit breakers, 
15 amps, is multiplied by 120 volts to obtain 1,800 
volt-amps. The 2,400 volt-amps divided by 1,800 
volt-amps equals 1.4; thus two 15-amp, two-wire 
circuits are required. 

At least two small appliance circuits and one laundry 
circuit are also required. These circuits must be rated 
at 20 amps each. 

Fixed appliances connected on lighting circuits 
may not exceed 50% of the branch-circuit rating. For 
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example, only a 7.5-amp rated appliance could be 
connected to a 15-amp circuit. Fixed appliances 
connected to an individual branch circuit may be 
loaded to 80% of the branch-circuit rating. For 
example, 80% of a 20-amp circuit equals 16 amps. 
This is the maximum load that should be applied to 
these circuits. 

Circuits that serve one portable appliance must 
have sufficient ampacity to meet appliance name- 
plate ratings. For example, a 14-amp nameplate rated 
appliance will have conductors with an ampacity rating 
of 17.5 amps (14 Ax 125% = 17.5 A). A #12 copper 
conductor rated at 20 amps is required for this circuit. 

Range circuits may be derated by applying the 
demand factors, based on the range nameplate rating, 
listed in 550-13(b)(5S). For example, a 12-kW range may 
have a demand factor which would reduce 12 kW 
to 8 kW. A 35-amp, three-wire circuit will comply for 
this range. 


Mobile Home Receptacle Outlets — 
550-8 


Receptacle outlets must be installed in each room ofa 
mobile home in such a manner that no point along the 
wall will be more than 6’ from a receptacle. Any wall 
space 2’ or more in width must have an additional 
receptacle installed. Hallways or bathrooms are not 
included. Receptacles are permitted in a hallway if 
desired, but they are not allowed in or adjacent to a 
shower or bathtub space. 

Each countertop space over 12” in width must be 
provided with a receptacle outlet. GFCI-protected 
receptacles are required in rooms with a toilet, toilet 
with shower, or tub. This rule applies to any combi- 
nation of fixtures. A receptacle outlet must be installed 
for outside use. GFCI protection is required for this 
exterior outlet. 


Mobile Home Lighting Fixtures — 
550-9 


Approved pendant-type fixtures or pendant cords 
may be installed in mobile homes. Only enclosed and 
gasketed type lighting fixtures may be installed overa 
bathtub. Wall-controlled switches must be located 
outside the room if used to control fixtures in the 
shower or bathroom spaces. 


Mobile Home Service Load — 550-13 

The general lighting and receptacle load is figured at 
3 volt-amps per square foot. Each small appliance 
circuit is figured at 1,500 volt-amps each. The first 


3,000 volt-amps are figured at 100%, with the re- 
maining volt-amps figured at 35% per 550-13(a). 

The nameplate rating of the range may be figured 
at a reduced value by the demand factors of 550-13 
(bX5). Use the nameplate rating for a disposal, dish- 
washer, water heater, clothes dryer, wall-mounted 
oven, or cooking units. If the total number of appli- 
ances exceeds three, a 75% demand factor may be ap- 
plied to the total load per 550-13(bX4). 

The largest motor listed in 550-13(b)(3) must be 
figured at 25% and added to the total calculated load 
per 550-13(b)(3). 

The amperage of the total connected load is deter- 
mined by dividing the volt-amps by 240 volts. Figure 
10-60 illustrates the procedure for determining the 
size feeder circuit conductors to supply a mobile 
home. 


PROBLEM: Determine the size service-entrance 
conductors required for Phases A and B and the 
neutral of a780 sq. ft. mobile home with the following 
loads: 
e General lighting and receptacle loads 
e Two small appliance loads and one laundry load 
e Special appliance loads 

Range 9,500 VA 

Heating 5,000 VA 

Water heater 5,000 VA 

Dishwasher 600 VA 

Disposal 480 VA 


GENERAL LIGHTING AND 
RECEPTACLE LOADS 


STEP 1: 550-13(a). 
780 sq. ft. x3 VA = 2,340 VA 


ANSWER: The general lighting and receptacle load 
is 2,340 volt-amps. 


SMALL APPLIANCE LOADS 
STEP 1: 550-13(a). 


Small appliance load: 
1,500 VA x 2= 3,000 VA 


Laundry load: 
1,500 VA x 1 = 1,500 VA 


3,000 + 1,500 = 4,500 VA 


ANSWER: The small appliance load is 4,500 volt- 
amps. 


SPECIAL APPLIANCE LOADS 


550-13(b)(2)(4) 
Range 
Heating 
Water heater 
Dishwasher 
Disposal 


9,500 VA 
5,000 VA 
5,000 VA 
600 VA 
480 VA 


APPLYING DEMAND FACTORS TO FIRST AND 
SECOND LOADS 


STEP 1: 550-13(a). 


General lighting and receptacle loads 
= 2,340 VA 
Small appliance toads = 4,500 VA 


2,340 + 4,500 = 6,840 VA 
550-13(a). 


First 3,000 VA at 100% = 3,000 VA 
Next 3,840 VA at 35% = 1,344 VA 


3,000 + 1,344 = 4,344 VA 
ANSWER: The demand load is 4,344 volt-amps. 


APPLYING DEMAND FACTORS TO THIRD LOAD 
9.5-kVA Range 


STEP 1: 550-13(b)(5). 
9.5 kVA range = 9,500 VA 
9,500 VA x 80% = 7,600 VA 


ANSWER: The range demand load is 7,600 volt- 
amps. 


OTHER LOADS 
Appliances 


STEP 1: 550-13(b)(2)(3)(4). 


Water heater 5,000 VA 
Dishwasher 600 VA 
Disposal 480 VA 
Heating 5,000 VA 
Largest Motor 

(480 VA x 25%) 120 VA 


11,200 VA 
ANSWER: The load is 11,200 volt-amps. 
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TOTAL LOADS FOR PHASES A and B 
STEP 1: Add all loads: 


General lighting 4,344 VA 
Range 7,600 VA 
Appliances 11,200 VA 


23,144 VA 
STEP 2:;-VA 1 23,144VA -96A 
V 240 V 


ANSWER: The total connected load for Phases A 
and B is 96 amps. 


TOTAL NEUTRAL LOADS 
STERA: 220722: 


General lighting 4,344 VA 
Range (7,600 x 70%) 5,320 VA 
Dishwasher 

Disposal 

Largest Motor 


STEP 2: 
|= 10,864VA =45A 


240 V 


ANSWER: Table 310-16, Column 2. One #8 THW copper 
conductor is required. 


ANSWER: 

Phases A and B: 
Table 310-16, Column 2: Two #3 THW copper 
conductors are required. 


Note 3 to Tables 310-16-19 can be applied per 215-2: 
Two #4 THW copper conductors are required. 


Neutral: 


Table 310-16, Column 2. One #8 THW copper con- 
ductor is required. 


Figure 10-60. Figuring the size of the service-entrance conductors for a mobile home. 


Service for a Mobile Home Park — 
550-22 


The service rating supplying a mobile home park is 
figured at 16,000 volt-amps per individual mobile 
home or at the actual calculation of each mobile home, 
per 550-13, whichever is the largest. Table 550-22 pro- 
vides a demand factor that will reduce this load by 
the number of mobile homes in the park. Figure 10-61 
illustrates the procedure for applying the demand fac- 
tors of Table 550-22 based on the number of mobile 
homes in the park. 


PROBLEM: Determine the size of the service re- 
quired for a mobile home park containing twenty-six 
mobile home sites with 16,000-volt-amp service for 
each site. 


STERIA 50:22 


Each mobile home site = 16,000 VA 
STEP 2: Table 550-22. 


16,000 VA x 26 x 24% = 99,840 VA 


ANSWER: The size of the service required is 99,840 
volt-amps. 


Figure 10-61. Figuring the service rating for a mobile home 
park. 
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CHAPTER 10: SINGLE-FAMILY AND MULTIFAMILY DWELLINGS 


Name 


True or False 


AND MOBILE HOMES 


Date 


Circle T (true) or F (false) for each statement. Enter the NEC section number that supports your answer in the 


space provided. 


Section 
Vie 4 
TF çë 2 
TF 3 
TF 4 
Tes sno 
16 le 
‘fe y 
TES 
TF 9 
TF 10 
Toe Ad 
SO items 
TF 13 
TF 14 
Ui ls 
re 16 
Te iy 
Tr 8 


Receptacles must be installed in all locations where portable cords are used. 


Receptacles in dwelling units must be installed within 6’ of the laundry equip- 
ment served. 


Receptacle outlets in dwelling units must be installed on any wall space that is 
over 18” in length. 


In dwelling units no point along the floor line in any wall space should be more 
than 6’ from a receptacle outlet. 


Receptacle outlets in dwelling units may be spaced 14’ apart on walls to 
ensure 6’ spacing of outlets. 


In dwelling units receptacle outlets installed in the floor must never serve as 
one of the required wall outlets. 


In dwelling units any counter space that exceeds 10” in length must have an 
additional plug installed. 


Receptacles that are located behind refrigerators must not be counted as 
required accessible outlets in dwelling units. 


Receptacles that are located 6’ above the floor must not be counted as 
required outlets in a dwelling unit. 


Receptacles located outside and in bathrooms, garages, and basements of dwell- 
ing units are not required to have GFCI protection. 


At least one receptacle is required in a detached garage that has electric power. 
In dwelling units receptacles located within 6’ of the kitchen sink must be GFCI 
protected. 


In dwelling units where there is a laundry receptacle, an additional receptacle 
from this circuit can be used to supply an iron. 


Guest rooms in hotels and motels may have receptacles located according to 
the layout of the furniture. 


A pull-chain receptacle may be installed in the attic or crawl space of a dwelling 
unit where air handling equipment is installed. 


In a dwelling unit receptacles may be installed throughout and controlled by a 
wall switch in lieu of lighting fixtures. 


Agarage door ina dwelling unit is considered an outdoor entrance and must be 
illuminated with a lighting fixture. 


A lighting fixture that is controlled by a wall switch must be installed in the 
kitchen and bathrooms of dwelling units. 
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Design Problems 


Enter the answer(s) to each question and the NEC section number(s) that supports your answer(s) inthe space 
provided. 


Section Answer 


1. What is the demand load for seven dryers rated at 5 kW 
each? 


2. What is the neutral load for 600 amps of incandescent 
lighting? 

3. A building has a neutral load of 400 amps of incandescent 
lighting and 200 amps of electric-discharge lighting. What is 
the amperage for the neutral conductor? 

4. What is the minimum neutral to carry the unbalanced load for 
a 120/240-volt, three-wire service if there are 12,000 volt-amps 
of neutral load connected across Phase A and 14,000 volt-amps 
connected across Phase B? 


5. What is the neutral load for 800 amps of electric-discharge 
lighting on a three-phase, four-wire wye system? 


6. With 175 amps of neutral load connected on each phase of a 
two-phase, five-wire system, what is the minimum neutral 
load? 

7. What is the demand load for a 12-kW range? 

8. What is the demand load for an 18-kW range? 


9. What is the demand load for a circuit supplying a 7-kW cooktop 
and two 6-kW ovens located in the kitchen of a dwelling unit? 


10. What is the demand load for a 6-kW and a 7-kW range? 
11. What is the demand load for a 3-kW and an 8-kW range? 


12. What is the demand load for twenty-five ranges rated at 12 
kW each? 


13. What is the demand load for thirty ranges rated at 10 kW 
each? 


14. What is the demand load for six dryers rated at 5 kW each? 


15. Whatis the demand load for twenty-three dryers rated at 5.2 
kW each? 


16. What is the demand load for one dryer rated at 4.8 kW? 
17. What is the demand load for a 10-kW range? 
18. What is the demand load for three 5.1-kW dryers? 


To: 


20; 


20-1; 
20:2 


21. 


Single-family and Multifamily Dwellings 


A 2,500 sq. ft. dwelling has the following loads: 
e Two 8-kW wall-mounted ovens 
One 9-kW counter-mounted cooktop 
20-kW of electric space-heating units (total load) 
9-kW of air cooling 
One 5-kW water heater 
One 1-kW dishwasher 
One 0.9-kW disposal 
e One 0.72-kW blower motor 
Use the optional calculation to find the service load. 
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An apartment complex of twenty-six units is supplied by a 
120/240-volt, single-phase service with the following loads 


in each apartment: 

850 sq. ft. of living area 

1,400-watt, 120-volt dishwasher 

920-watt, 120-volt disposal 

8,000-watt, 240-volt counter-mounted cooktop 
7,000-watt, 240-volt wall-mounted cooking unit 
4,800-watt, 240-volt dryer 

8,000-watt, 240-volt electric heating unit 
3,600-watt, 240-volt air conditioning unit 

e 480-watt, 240-volt blower motor 


Use the standard and optional calculations to find the size of 
the service-entrance conductors, paralle! seven times per 


phase (use THW copper). 
Standard calculation 
Optional calculation 


A 2,200 sq. ft. house has the following loads: 
e Two 6-kW wall-mounted ovens, 240 volts 
8-kW cooktop, 240 volts 
Central heating (gas) 
9.5-KW air conditioner, 240 volts 
6-kW water heater, 240 volts 
1.3-kW dishwasher, 240 volts 
0.9-kW disposal, 120 volts 
e 0.24-kW blower motor, 120 volts 
Use the optional calculation to find the following: 


1. General lighting and receptacle load 
Small appliance load 
Laundry load 


Air conditioning load 


2 

3 

4 

5. Wall-mounted oven load 
6. Cooktop load 

7. Dishwasher load 

8. Disposal load 


9. Water heater load 


-10. Blower motor load 
-11. Total other loads 


-12. Service required 
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22. A1,600 sq. ft. house has the following loads: 


coe 
22527 
2253! 
22-4. 
2259: 
220 


22. 


23: 


eer de 


23:2: 
23735 
23-4. 
23-5: 
23-6. 
Zot 


12-kW range, 230 volts 

0.4-kW disposal, 115 volts 
0.8-kW compactor, 115 volts 
1.4-kW dishwasher, 115 volts 
5-kW dryer, 230 volts 

20-kW heating unit, 230 volts 
4.5-amp blower motor, 230 volts 
6-kW air conditioner, 230 volts 
4.8-kW water heater, 230 volts 


Use the standard calculation to find the following: 


Phases A and B (THW copper) 

Neutral (THW copper) 

Size of branch circuit for heating unit 
Size of branch circuit for range 

Size of grounding electrode conductor 
Size of main (circuit breaker) 


Size of panelboard 


An 800 sq. ft. lakeside cabin is supplied by a 230-volt service. 
This has a 12-kW range. Heat is provided by a fireplace. 
Use the standard calculation to find the following: 


Number of branch circuits (using 15-amp circuit breakers 
for the general lighting load) 


Phases A and B (THW copper) 
Neutral (THW copper) 

Size of the main (circuit breaker) 
Size of panelboard 

Grounding electrode conductor 


Size of conduit for service-entrance conductor 


INDUSTRIAL AND 


CHAPTER 


COMMERCIAL 


LOCATIONS 


Industrial and commercial service loads and equipment are designed 
differently from single-family and multifamily dwelling service loads. 
Lighting loads in these locations are designed to serve lighting circuits 
only. Receptacle loads may supply receptacle outlets only. All other 
loads are categorized as special appliance loads or motor loads and 
computed on nameplate ratings. All industrial and commercial loads 
are calculated at continuous or noncontinuous duty according to 


their use. 


DESIGNING THE LOAD 


The designing and sizing of electrical circuits in 
industrial and commercial locations are determined 
by the types of loads to be served in each occupancy. 
The loads are grouped into four separate loads, and 
the proper code rule is applied to each of these four 
loads. The loads are classified as: 

1. General lighting loads. 

2. General-purpose receptacle loads. 

3. Special appliance loads. 

4. Motor loads. 
A three-wire, 120/240-volt service may be used to 
supply a small industrial or commercial load. A four- 
wire, 120/208-volt or 277/480-volt service may be 
used to serve larger loads. Any system of higher 
voltage may be used to supply large electrical loads 
with step-down transformers installed on the premises 
to supply loads and equipment at their rated voltage. 

Generally, no demand factors are applied to the 
loads for industrial and commercial occupancies, as 
these loads are used at continuous duty. Table 220-11 
permits the general lighting loads in hospitals, hotels, 
motels, and warehouses to have demand factors 
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applied because of load diversity. Table 220-13 
permits a demand factor of 50% to be applied to all 
volt-amperage exceeding 10 kVA for general-purpose 
receptacle loads. Exception No. 1 to 220-3(c)(6) 
allows multi-outlet assemblies to be computed at a 
load of 180 volt-amps for each 5’ of an assembly 
serving light loads. Multi-outlet assemblies serving 
heavy loads, such as appliances, must be computed 
at 180 volt-amps for each 1’ of assembly. 

Demand factors may be applied to cooking equip- 
ment in restaurants with four or more cooking units. 
The size of the service feeder load to supply a school 
may be determined by applying the optional calcula- 
tion listed in Table 220-34. 


General Lighting Loads — 
Table 220-3(b) and 220-10(b) 


The general lighting load in listed occupancies is 
always calculated according to the number of volt- 
amps per square foot and not according to the 
number of outlets. When fluorescent lighting is used, 
either the area load of volt-amps per square foot of 
the building or the total connected load of each 
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ballast is used, whichever is larger. The lighting load 
may be computed at 100% of its noncontinuous duty 
rating. However, if the lighting load is rated for 
continuous use, it must be computed at 125% of the 
total connected load (Figure 11-1). For every 2’ of 
lighting track, 180 VA must be computed per 410- 
102 and 220-3(c)(5) to determine the track lighting 
load. 


General-purpose Receptacle Loads — 
220-3(c)(6) and Table 220-13 


The general-purpose receptacle loads are computed 
on the basis of 180 volt-amps per outlet. These 
outlets could house one duplex plug or three dispar 
plugs on one yoke. If the receptacles are rated for 
noncontinuous duty, the first 10 kVA must be 
computed at 100%. Receptacles used to supply 
continuous loads must be computed at 180 volt- 
amps and multiplied by 125% to obtain the total load 


LIGHTING 


BRANCH CIRCUIT 


N 


INCANDESCENT 
LIGHTING 


ELECTRIC DISCHARGE 
LIGHTING 


PROBLEM: What is the general lighting !oad for a 
1,600 sq. ft. store building with 60’ of lighting track and 
an outside lighting load of sixty 180 VA fix- 
tures? 


rating. Receptacle outlets calculated at 180 VA each 
can be added to the lighting loads and the demand 
factors of Table 220-11 can be applied (Figure 11-2). 


Multi-outlet Assembly Loads — 
220-3(c)(6), Exception No. 1 

Multi-outlet assemblies may be computed at a load 
of 180 volt-amps for each 5’ of the assembly. Where 
multi-outlet assemblies are heavily loaded, such as 
with portable appliances, aload of 180 volt-amps per 
foot must be computed (Figure 11-3). 


Motor Loads — 220-14, 430-22(a), 
430-24, and 430-25 

A single motor load must be computed at 125% of the 
motor’s full-load current rating. Full-load current 
ratings for motors are selected from Tables 430-147 
through 430-150. The load for two or more motors 
must be computed at 125% of the full-load current 
rating for the largest motor plus the full-load current 
ratings of the remaining motors of the group. 


z 


STEP 1: 410-102. sS x 180 VA = 5400 VA. 
ANSWER: The track lighting load is 5400 VA. 


STEP 1: Table 220-3(b). 1,600 sq. ft. x 3 VA = 4,800 VA 
STEP 2: 220-10(b). 

4,800 VA x 125% = 6,000 VA 
ANSWER: The general lighting load is 6,000 volt-amps. 
STEP 1: 220-3(a), 220-10(b). 

VA of fixtures x no. of fixtures x 125% = 

outside lighting load 

STEP 2: 180 VA x 60 x 125% = 13,500 VA 


ANSWER: The outside tighting load is 13,500 
volt-amps. 


Figure 11-1. Figuring the general lighting and outside lighting loads for a commercial location. 


PANEL 


cB NONCONTINUOUS 


CONTINUOUS 
DUTY 


BRANCH CIRCUIT a 


PROBLEM: What is the rating of the load for fifty 
duplex receptacles used for noncontinuous duty and 
fifty receptacles for continuous duty in a commercial 
building? 
STEP 1: 220-3(c)(6). 

180 VA x 50 = 9000 VA 
ANSWER: The load rating for the noncontinuous duty 
receptacles is 9,000 volt-amps. 
STEP 1: 220-3(c)(6) and 220-10(b). 

180 VA x 50 x 125% = 11,250 VA 


ANSWER: The load rating for the continuous duty 
receptacles is 11,250 volt-amps. 


Figure 11-2. Figuring the general-purpose receptacle load for a commercial building. 


MULTI-OUTLET ASSEMBLY 


BRANCH CIRCUIT 
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PROBLEM: What is the load for 10’ of a multi-outlet 
assembly used to serve light loads? 
STEP 1: 220-3(c)(6), Exception No. 1. 
180 VA for each 5’ of assembly. 
STEP 2: 10’ = 9 
5’ 


2’ x 180 VA = 360 VA 
ANSWER: The load is 360 volt-amps. 


PROBLEM: What is the load for 10’ of a multi-outlet 
assembly used to serve heavy loads? 


STEP 1: 220-3(c)(6), Exception No. 1. 
180 VA for each 1’ of assembly. 

STEP 2: 10’ x 180 VA= 1,800 VA 

ANSWER: The load is 1,800 volt-amps. 


Figure 11-3. Designing the load for multi-outlet assemblies. 


The load for motors plus other loads such as 
lighting and appliance loads must be computed by a 
specific method. The largest motor must be computed 
at 125% of the full-load current rating for the largest 
motor plus the full-load current rating of the remain- 
ing motors plus the noncontinuous and continuous 
ratings of the other loads. 


Branch Circuits Serving General 
Lighting Loads — 220-3(b), 220-4(a), 
and 220-11 


To determine the number and rating of branch 
circuits required, the NEC specifies a minimum 
general lighting load based on whether it is rated for 
continuous or noncontinuous duty. In industrial and 
commercial occupancies the general lighting load 
serves only lighting fixtures or lights used to illuminate 
the premises. The general-purpose receptacle load is 
computed separately. Table 220-3(b) lists the volt- 
amps per square foot for each type of listed occupancy. 
The general lighting load for an office building, for 
example, must be computed at a unit load of 3.5 volt- 
amps per square foot, whereas for a store building it 
must be computed at 3 volt-amps per square foot. 

The square footage is the floor area for each floor 
computed from the outside dimensions of the premises. 
The total square footage times the unit load of volt- 
amps divided by the capacity of the circuit (fuses or 
circuit breakers) will determine the number of branch 
circuits (Figure 11-4). 


INCANDESCENT 
LIGHTING 


/ ELECTRIC DISCHARGE 
BRANCH 


LIGHTING 
CIRCUIT 


6000 VA LIGHTING LOAD 


PROBLEM: How many 20-amp, two-wire branch 
circuits are required to serve a 6,000-volt-amp 
general lighting load? 


STEP 1: 220-4(a). 


Divide the total lighting load by the capacity 
of the device used times the line-to-ground 
voltage. 


6,000 VA 
20 Ax 120V 
6,000VA_ =95 
2,400 VA 


ANSWER: Three two-wire, 20-amp, 120-volt branch 
circuits are required. 


Figure 11-4. Determining the number of branch circuits for the 
general lighting load. 
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Receptacle Loads over 10 kVA — 
Table 220-13 


If the total volt-amps for receptacles located in 
industrial and commercial occupancies exceeds 10 
kVA, the first 10 kVA must be computed at 100% 
and all remaining volt-amps at 50%. This reduction 
of load is based on the concept that all receptacles in 
a building are not used at the same time (Figure 11-5). 


Outdoor Sign Outlet Load — 
220-3, FPN and 600-6(c) 


A store building located on the ground floor level 
must have one additional 20-amp branch circuit to 
supply the outside outlet for a sign or outline lighting 
use. A minimum of 1,200 volt-amps must be computed 
for this circuit. However, larger signs require larger 
circuits to supply the load (Figure 11-6). 


Show Window Lighting Load — 220-12 


The show window lighting load is not considered part 
of the general lighting load and must be figured 
separately. The show window lighting load is computed 
on the basis of 180 volt-amps per outlet for medium- 
base lamps and 600 volt-amps for mogul lamps. A 
factor of 125% must be applied to the volt-amps per 
outlet for continuous loads. 


180 DUPLEX RECEPTACLES 


BRANCH CIRCUIT 


The show window lighting load may also be com- 
puted on the basis of 200 volt-amps per linear foot of 
show window space. This method of 200 volt-amps 
per linear foot is considered to be rated for continuous- 
duty use. Section 210-62 requires a receptacle outlet 
to be installed for every 12 linear feet of show win- 
dow space measured horizontally at the maximum 
width (Figure 11-7). 


Commercial Cooking Facilities Load — 
Table 220-20 


The load for three or more electric cooking appliances 
and other types of electric equipment used in com- 
mercial kitchens such as restaurants, schools, and 
cafeterias may be reduced in accordance with Table 
220-20 for the total number of units used (Figure 11- 
8). These loads must be used for intermittent duty or 
be equipped with a monitoring device that will limit 
their use. 


Additional Load Connected to Existing 
Service — 220-35 

When loads are connected to an existing service or 
feeder, the new load is first calculated and transformed 
into kVA. The existing load is determined by the 
demand in kVA registered for one year multiplied by 


PROBLEM: What is the receptacle load for 180 
duplex receptacles in a commercial building? 


STEP 1: 220-3(c)(6); Table 220-13. 
Apply demand factors. 
180 x 180 VA= 32,400 VA 


First 10,000 VA at 100% = 10,000 VA 
Next 22,400 VA at 50% = 11,200 VA 


21,200 VA 
ANSWER: The receptacle load is 21,200 volt-amps. 


Figure 11-5. Receptacle loads that exceed 10 kVA in rating may be reduced by applying the demand factors from Table 220-13. 


COMMERCIAL 
BUILDING 


OUTDOOR 
SIGN 
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PROBLEM: What is the minimum size branch circuit 
required to serve an outdoor sign for a commercial 
building? 
STEP 1: 220-3, FPN; 600-6(b)(c). 

One 20-amp, two-wire circuit. 


ANSWER: One 20-amp, 1,200-volt-amp branch 
circuit is required. 


Figure 11-6. Determining the minimum number of branch circuits for an outdoor sign. 


EIGHTY MEDIUM-BASE LAMPS 


T 


i COMMERCIAL BUILDING 
90’ SHOW WINDOW 


PROBLEM: What is the lighting load for this show 
window? 
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METHOD 1: LINEAR FEET 

STEP 1: 220-12. 
Linear feet x 200 VA = VA lighting load. 
90’ x 200 VA = 18,000 VA 

ANSWER: The lighting load is 18,000 volt-amps. 


METHOD 2: NUMBER OF LAMP OUTLETS 
STEP 1: 220-3(c)(6). 


No. of lamp outlets x 180 VA = VA lighting 
load. 


80 x 180 VA = 14,400 VA 

STEP 2: 220-10(b). 
Total VA x 125% = VA lighting load 
14,400 VA x 125% = 18,000 VA 


ANSWER: The lighting load is 18,000 volt-amps. 


Figure 11-7. Determing the show window lighting load. 


TWO LARGEST LOADS 
25,000 VA 


FOUR OVENS 
TWO WATER HEATERS 


TWO KETTLES 
AG a Eg 20,000 VA 
=a Îi 


l TWO STEAMERS 


THREE FRYERS 


72,000 VA TOTAL 
CONNECTED LOAD 


PROBLEM: What is the cooking load for the commer- 
cial kitchen? 


STEP 1: 220-20. 
Total connected load x65% = cooking load 
72,000 VA x 65% = 46,800 VA 


ANSWER: The cooking load is 46,800 volt-amps, which 
is greater than the two largest loads of 45,000 VA. 


NOTE: The demand load must be equal to the two 
largest loads per 220-20. 


Figure 11-8. Determining the commercial cooking facilities load. 


125%. The two loads are then added together. If the 
total kVA does not exceed the ampacity of the service 
or feeder conductors, the new load may be added 
(Figure 11-9). 


Continuous and Noncontinuous Loads 
— 210-22(c), 220-3(a), and 220-10(b) 
If the service, feeder, or branch-circuit conductors 
are supplying loads that are not continuous-duty, the 
conductors must have an ampacity equal to the total 
connected load served. Conductors supplying loads 
that are continuous-duty (three hours or more) must 
have an ampacity equal to 125% of the total connected 
load served. 

This will derate the conductors 80% so that they 
will be capable of dissipating the generated heat from 


the continuous load. Electric loads that are continuous- 
duty loads heat the conductors from the overcurrent 
protection device to the apparatus served. Oversized 
conductors (load x 125%) carry this heat and dissipate 
it into the ambient medium. 

A 20-amp branch circuit supplying a 16-amp 
continuous-duty load must be derated 80% according 
to 210-22(c) and 220-3(a). A 20-amp device multiplied 
by 80% equals 16 amps. A 20-amp device will serve a 
16-amp continuous load. A 16-amp continuous-duty 
load must be computed at 125% according to 220- 
3(a). A 16-amp continuous-duty load multiplied by 
125% equals 20 amps. A 20-amp device selected 
from 240-6 will serve this load. 

NOTE: When the load is multiplied by 125%, the 
overcurrent protection device and conductors are 
derated 80%. 
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EXISTING SERVICE PANEL 


SUB-PANEL 


a 14.4 KVA LOAD 


79.2 KVA LOAD TO BE ADDED 


PROBLEM: Can a 14.4-kVA load supplied by four #400 
kemit THW copper conductors be added to the existing 
service? 


STEP 1; 220-35. 
Maximum demand = 79.2 kVA 
STEP 2: Existing demand x 125% 
79.2 kVA x 125% = 99.0 kVA 
STEP 3: Add new load: 
99.0 kVA + 14.4 kVA = 113.4 kVA 
STEP 4: #400 kcmil THW copper = 335A 
113.4 kVA x 1,000 = 113,400 VA 
113,400 VA 
208 V x 1.732 


ANSWER: A 14.4-kVA load can be added. NOTE: The 
#400 kcmil THW copper conductors with a 335-amp 
rating will supply the load with 20 amps to spare (335 
— 315 = 20 amps). 


=315A 


Figure 11-9. Determining the additional load that may be added 
to an existing service. 


DESIGNING SYSTEM ELEMENTS 


Numerous accessories are available for designing a 
complete electrical system. Circuit breakers or fuses 
are used in panelboards to protect branch-circuit and 
feeder-circuit conductors supplying loads throughout 
the entire electrical system. Junction boxes are used 
in long runs of conduit or as an enclosure for splicing 
conductors for taps, etc. Gutters are installed to 
supplement meters, panels, switches, and other 
types of equipment. Disconnects are mounted with 
fuses to protect special equipment such as motors 
and transformers. Non-fused disconnects are utilized 
to act as a disconnecting means for equipment to be 
serviced. 


Selecting Proper Overcurrent 
Protection Device — 240-6 


Standard ampere ratings of fuses and circuit breakers 
are listed in this section for the purpose of code 
application. The ratings listed are not the actual 
circuit breaker sizes. They are the settings of the 
circuit breaker. Circuit breakers are available in sizes 
of 50-amp, 100-amp, 225-amp, and 400-amp frames. The 


factory may adjust the rating for certain sizes of 
circuit breakers. A 100-amp frame circuit breaker 
may have an adjustable range setting of 15 amps to 
100 amps. A 225-amp frame breaker may have an 
adjustable range setting of 110 amps to 225 amps. 

For example, on a 100-amp frame circuit breaker 
settings include 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 
80, 90, and 100 amps. The setting of a circuit breaker is 
its trip point. A circuit breaker adjusted to have a 20- 
amp setting will trip open when the current rating 
exceeds the 20-amp setting. An exception, for fuses 
only, designates the additional standard ratings of 1, 
3, 6, and 10 amps. These ratings permit motors, 
control transformers, etc., to be protected at a lower 
value. 


NOTE: Overcurrent protection devices are available 
in larger frame sizes. The ratings and settings listed 
are the ones most often used for general wiring. See 
240-6, FPN and 110-3(b). 


Selecting Proper Size Paneiboard — 
384-13 


Panelboards must have a rating to accommodate the 
minimum feeder capacity required for the load served. 
The rating of the main to protect a certain size panel- 
board may be found by dividing the number of single- 
pole circuit breaker units times 10 by the number of 
phases. For example, to find the size main for two- 
phase and three-phase panelboards use the following 
formula: 


No. of SP CBs x 10 
No. of phases 

See the inside back cover of this book for standard 

sizes of panelboards for single-phase, three-wire sys- 


tems and standard sizes of panelboards for three- 
phase, four-wire systems. 


= Size of main 


Selecting Proper Size Disconnect — 380 


Disconnects may be used to disconnect motors, heat- 
ing units, air conditioners, or similar types of equip- 
ment. Disconnects may be used as service equipment 
with up to six subdivisions. Standard sizes of discon- 
nects for either single-phase or three-phase systems 
are shown on the inside back cover of this book. 


Selecting Proper Size Gutters and 
Wireways — 362 and 374 


Gutters are used to supplement panels, switches, 
meters, etc. Gutters must be selected to contain con- 
ductors and splices, if any. Wireways come in sections 
having closely spaced knockouts for connections of the 
raceway system used. Wireways have hinged or 
screw-on covers for access to splices and conductors. 
The conductors can be laid in after the wireway 


system is installed. Standard size gutters and wire- 
ways are shown on the inside back cover of this book. 


Selecting Proper Size Pull Boxes and 
Junction Boxes — 370-28(a)(1)(2) 

Pull boxes must be selected to contain and permit 
space for conductors to pass either straight through 
or at right angles. Pull boxes are sized according to 
the size and number of conduits based on a straight 
or angle pull. Pull boxes and junction boxes are shown 
on the inside back cover of this book. 


SIZING A GENERATOR SET 


The size of a generator set is based on running RW 
or locked-rotor kW. Running kW is the amount of 
power the generator can supply to the loads. Locked- 
rotor kW is the amount of power the generator can 
supply for equipment or loads with a high inrush cur- 
rent when starting. To find locked-rotor kW, add the 
total inrush current ratings of all loads when power 
is connected. For example, four loads have a total 
locked-rotor current rating of 800 kW. A generator 
selected on this value is larger than required. See 
Figure 11-10. 

A generator set may also be sized by increasing the 
loads by a percentage. If the largest motor load is 
started before other loads, the kW rating of the larg- 
est motor is multiplied by 125%. The second largest 
motor is multiplied by 125% and added to the kW 
rating of the first motor. Additional motors are com- 
puted using the same procedure. Lighting loads or 
resistive loads are calculated at 100% of the kW value 
of each load and are added to the other loads. 

For example, a 200 kW motor, 75 kW motor, and 
10 kW lighting load are to be connected to a generator 
set. The first load to be connected and started is the 
200 kW motor load. This load is multiplied by 125% 
to obtain 250 kW (200 kW x 125% = 250 kW). The 
second motor load is multiplied by 125% (75 kW x 
125% =94 kW) and brought across the line next. The 
lighting load (10 kW x 100% =10 kW) is the last load 
connected to the generator. 

The first load, 250 kW, is started and accelerated 
to 200 running kW. The second load, started at 94 
kW, is added to the 200 running kW load (200 kW 
+94 kW = 294 kW). The 94 kW load accelerates to 
75 running kW. The third load is started at approx- 
imately 10 kW and is added to the running kW of the 
other loads (200 kW +75 kW +10kW =285 kW). 

The generator requires 350 locked-rotor kW (250 
kW +94kW +10kW =350 kW) and 285 running 
kW (200 kW + 75 kW + 10 kW = 285 kW). If the 
smaller loads are connected to the generator set first, 
use 140% and apply the same procedure. This pro- 
cedure is a rule of thumb method. 
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GENERATOR SET OVERCURRENT PROTECTION 
e 700-12(b) © 445-4 
LOCATION 


SIZING CONDUCTORS 
OTHER REFERENCES OKRAS) 
NFPA—110 
NFPA —37 
PROBLEM: Size a generator set with the following 
loads. Use methods 1 and 2. 


Locked Rotor kW | Running kW | 


Loads 
Motor Load #1 


Motor Load #2 
Lighting Load 


METHOD 1—Using Locked Rotor kW 
STEP 1: Motor Load #1 = 800 kW 
Motor Load #2 = 300 kW 
Lighting Load = 11kW 
1111 kW 
ANSWER: Size = 1111 kW 


METHOD 2—Using Running kW 

STEP 1: Motor Load #1 = 200 kW x 125% 
Motor Load #2 = 75kW x 125% 
Lighting Load = 10kW x 100% 


Sequence of Loads 

1st Load ON = 250 kW 
2nd Load ON = 94 kW 
3rd Load ON = 10 kW 


STEP 3: Total Running kW 
Motor Load #1 
Motor Load #2 
Lighting Load 


200 kW 
75 kW 
10 kW 

285 kW 

ANSWER: Size 

Starting kW 
Running kW 


354 kW 
285 kW 


NOTE; METHODS 1 AND 2 ARE RULE OF THUMB 
METHODS. 


Figure 11-10. Generator sets are sized on running kW or 
locked-rotor kW. 


RULE OF THUMB METHOD 


Where the proper information on sizing electrical 
equipment is not known, designers and electricians 
may use the rule of thumb method to size elements of 
the electrical system. This method for sizing con- 
ductors, protection, and installation of electrical 
equipment usually results in a higher rating than 
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required. The higher rating is meant to ensure that 
sizes, ratings, and elements chosen will be adequate 
for the load served. 


Air Conditioner Size 


To determine the size of the air conditioner (by tons) 
to serve a premises, calculate the square footage for 
the type of occupancy served and divide by 400 (400 
_ sq. ft. per ton). This will compute the size and rating 
of the unit. The number of tons is then multiplied by 
6 amps (6 amps per ton). This calculation gives the 
amperage draw of the unit on a single-phase system. 

Three-phase air conditioning units cannot be com- 
puted by this method as they can pull different 
amounts of current. High-efficiency units may pull 
about 4 or 5 amps per ton using the rule of thumb 
method. This method allows the electrician to size 
service conductors and branch-circuit conductors to 
air conditioning units when the size of the air 
conditioner is not known at the time of the rough-in, 
or when the job is estimated (Figure 11-11). 


PROBLEM: What size air conditioning unit is required 
to serve a 1,200 sq. ft. house? How many amps will 
the unit pull? 


SIZE OF AIR CONDITIONING UNIT 


STEP 1: No. of sq. ft. = air conditioning unit size 
400 


1200 _ = 3 tons 
400 


ANSWER: A 3-ton air conditioning unit is required. 


AMPACITY RATING 

STEP 1: No. of tons x 6 A = Ampacity rating 
3tonsx6A=18A 

ANSWER: The unit will pull approximately 18 amps. 


Figure 11-11. Determining the size air conditioner and ampacity 
rating by the rule of thumb method. 


Electric Space-heating Size 


To determine the size of an electric space-heating 
unit in volt-amps to serve a premises, calculate the 
cooling load in Btu. There are 12,000 Btu per ton. 
Double this total and multiply by 75% to obtain the 
total heating load in Btu. To find kVA, divide the 
heating load in Btu by 3,500 volt-amps. This gives 
the kVA rating of the electric space-heating unit 
(Figure 11-12). 


PROBLEM: What size electric space-heating unit is 
required to serve a 1,200 sq. ft. house? 


SIZE OF AIR CONDITIONING UNIT 


STEP 1: Follow procedures in Figure 11-11 to find 
the size of air conditioning unit. 


ANSWER: A 3-ton air conditioning unit is required. 


AMPACITY RATING 
STEP 1:.75 x Btu/ton x tons x 2 = Btu heating load 


.75 x 12,000 x 3 x 2 = 54,000 Btu 


STEP 2: Btu __ 
3,500 VA 
54,000 = 15 kVA 

3,500 


ANSWER: A 15-kVA electric space-heating unit is 
required. 


= kVA 


Figure 11-12. Determining the size electric space-heating unit by 
the rule of thumb method. 


Number of Fluorescent Lighting 
Fixtures 


For each room or area to be illuminated, the number 
of footcandles must be selected. The number of 
footcandles may vary from 70 to 250, depending on 
whether the walls, ceilings, floors, or areas to be 
illuminated are dark or light in color. Light-colored 
areas require less footcandles for illumination. Good 
designing practices require an office area to have 70 
footcandles (FC), a bookkeeping area to have 150 
FC, a drafting area 200 FC, and hallways and 
conference rooms 30 FC. 

To determine the number of fixtures required for a 
room, calculate the square footage of the room and 
multiply by the desired number of footcandles. 
Divide this total by the lumens of the size lamps used 
to obtain the multiplier. The multiplier is divided 
by the coefficient-of-utilization factor (.4), and this 
computation is divided by the number of lamps 
used in each fixture. This final calculation deter- 
mines the number of fixtures required to il- 
luminate the room using the rule-of-thumb method 
(Figure 11-13). 


DESIGNING VOLTAGE DROP — 
215-2(b), FPN 2 


Voltage drop is extremely important in an electrical 
system. If the amount of voltage drop is too large, 


conductors, contacts, and other electrical equipment 
can overheat. This overheating can damage the 
electrical system, causing a failure to occur. 

When service-entrance conductors are sized, the 
voltage drop must be considered in long runs of 
conductors. Voltage drop is not a critical factor when 
sizing short runs of conductors. Voltage drop must 
be considered when feeder and branch-circuit con- 
ductors are selected so that the proper size conductors 
are run and connected from the overcurrent protection 
devices to the equipment served. Figure 11-14 
demonstrates the procedure for computing the proper 
size conductors according to the amount of voltage 
drop. 


PROBLEM: Find the number of fluorescent lighting 
fixtures required to illuminate a 600 sq. ft. room with 
light-colored walls and ceilings. 


STEP 1: sq. ft. x FC = Total FC 
600 sq. ft. x 70 FC = 42,000 FC 
STEP 2: Total FC 


= Multiplier 
Lumens 


SIEBS: Multiplier 


O AAR = Factor 
Coefficient of utilization 


STEP 4: Factor 
No. of lamps 


ANSWER: Eight 40-watt, 4’, four-lamp fixtures are 
required. 


= No. of fixtures 


Figure 11-13. Determining the number of fluorescent fixtures 
required. 


PROBLEM: What size AWG THW cooper conductors 
are required for a 240-volt, two-wire lighting feeder with 
an 80-amp load? The feeder conductor is 115’ in one- 
way length. 


210-19(a), FPN 4 
215-2(b), FPN 2 
STEP i VD =A X Rx Lxi 
1000 
2 x .308 x 115 x80 — 56667.2 — 5.6672 
1000 1000 
STEP 2: 240 V x 3% = 7.2 VD 


5.6672 VD falls within the above percentage. 


ANSWER: Voltage drop could not exceed 7.2 VD; 
therefore, a #4 conductor may be installed. (For three- 
phase circuits, multiply the voltage drop by .866.) 


Checking percentage 


Sula’ 1a Yo = 


STER 277 = = 


ANSWER: % = .03 or 3% 


Figure 11-14. Determining the size conductors according to 
voltage drop. 
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The values that may be used when determining 
voltage drop are: 


VD = Voltage drop 


R = Resistivity for conductor material: 
[Use Chapter 9, Table 8, Column 6 or 8 (uncoated 
ohm/MFT)] 


L = One-way length of circuit conductor in feet 
I = Current in conductor in amperage 


CM = Conductor area in circular mils 
(See Table 8 in Chapter 9 of the NEC.) 


1000 = Length of conductors based on 
Table 8 of Chapter 9 


DESIGNING EMERGENCY 
SYSTEMS — 700-12 


The emergency system provides power when the 
normal system is lost. It must provide power for 
lighting, exit lights, and any other loads designed for 
the safety of personnel. In high-rise buildings, the 
emergency system must also furnish power for eleva- 
tors and fire pumps. 

Emergency systems are mandated by law by the 
various state, county, or city governments. Building 
codes may also require an emergency system. Section 
700-12 lists the provisions by which emergency 
systems are to be installed. Note, however, that the 
NEC does not require emergency systems to be 
installed, although it specifies that when the normal 
service is lost, the normal-to-emergency transfer 
must not exceed ten seconds. There are five methods 
of providing emergency power to a premises: 

è Storage batteries. 

© Generator sets. 

o Separate services. 

o Connection ahead of service main. 

e Unit equipment. 


Storage Battery — 700-1 2(a) 


Storage batteries may be installed to supply emergency 
power to the premises. The storage batteries must be 
capable of supplying and maintaining at least 87'4% 
of the normal system’s voltage. Also, the storage 
batteries must be capable of supplying the emergency 
loads for a period of at least 1'4 hours (Figure 11-15). 


Generator Set — 700-1 2(b) 

A generator set may be installed to supply the 
emergency power. Various types of generator systems 
may be used. Section 700-12(b) lists the provisions 
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TO AC SUPPLY 


ya NORMAL SYSTEM 


AUTOMATIC 
TRANSFER SWITCH 


BATTERY 
CHARGER 


EMERGENCY A 


PANELBOARD 


=e 
E A 


BATTERIES MUST MAINTAIN <> 
87⁄2% OF NORMAL SERVICE 
FOR 1% HOURS OR MORE 


EMERGENCY LIGHTING CIRCUITS 


700-12(a) 


Figure 11-15. Designing the emergency power supply using 
storage batteries. 


and requirements for the installation of a generator 
set. A time delay is interlocked that permits a 15- 
minute setting to avoid retransfer in case of short- 
time reestablishment of the normal service. Combus- 
tion-type engines must be capable of supplying 
power for at least two hours of full operation. 
Generators requiring more than ten seconds to 
develop power must have an auxiliary power source 
to supply power until the engine can produce full 
power. Section 240-21(i) permits the installation of 
conductors from the generator terminals to the first 
overcurrent protection device installed, provided the 
conductors are sized at not less than 115% of the 
nameplate current rating of the generator. A gener- 
ator set is used for high-rise buildings and occu- 
pancies that require a reliable emergency system 
(Figure 11-16). 


Separate Service — 700-1 2(d) 


The authority having jurisdiction may allow a separate 
service to supply the emergency power load. Most 
inspectors require a separate transformer so that if a 
fault in the normal service knocks out the supplying 
transformer, the emergency system will still be 
supplied with power from the second transformer. 
The separate service or services must be located 
away from the normal service equipment. Overhead 
service drops supplying the normal service can be 


damaged or lost as a result of fallen tree limbs or 
unusually large trunks, etc. Underground laterals are 
subject to damage by dig-ins. A second transformer 
located away from the normal service equipment will 
provide power when the transformer of the normal 
service is lost as a result of any occurrence outside 
the building. A separate service used as an emergency 
system supply shall be approved by the authority 
having jurisdiction. 


NORMAL SOURCE 


TRANSFER 
SWITCH 


ay 


ALTERNATE SOURCE GENERATOR 


AUXILIARY POWER REQUIRED IF 
GENERATOR CANNOT PRODUCE FULL 
POWER IN 10 SECONDS 


FUEL SUPPLY MUST RUN ENGINE 
FOR 2 HOURS AT FULL DEMAND LOAD 


700-12(b) 


Figure 11-16. Designing the emergency power supply using a 
generator. 


Where the normal and emergency service are 
supplied by the same utility pole, the designer will 
usually place one system overhead and the other 
system underground to increase reliability of power. 

The local authority should be consulted concerning 
this requirement (Figure 11-17). 


Connection ahead of Main - 700-1 2(e) 


The emergency power supply may be tapped ahead 
of the main service equipment disconnecting means, 
provided there is a junction box and the tap is not 
made in the service equipment. The NEC no longer 
permits a tap on the lugs of an overcurrent protection 
device or busbar. 

A tap ahead of the main should never be used 
where a large assembly of people is gathered and 
where the people must travel a great distance for an 
exit to safety. Reliable power not only provides light 
to exit but prevents the possibility of people panicking. 

A tap ahead of the main should be used only where 
the risk of panic is low and the place of assembly is 
small. A tap ahead of the main shall be approved by 
the authority having jurisdiction (Figure 11-18). 


TRANSFORMER SUPPLYING 
NORMAL POWER 


TRANSFORMER SUPPLYING 
EMERGENCY POWER 


TRANSFER SWITCH 


EMERGENCY POWER 
PANELBOARD 


NORMAL POWER 
PANELBOARD 


700-12(d) 


Figure 11-17. Designing the emergency power supply using a 
separate service. 


SERVICE ENTRANCE 
TAP AHEAD OF MAIN DISCONNECTING MEANS 


MAIN DISCONNECTING MEANS 
TRANSFER SWITCH 


EMERGENCY 

LIGHTING PANELBOARD 
NORMAL LIGHTING 
PANELBOARD 


700-12(e) 


Figure 11-18. Designing the emergency power supply using a tap 
ahead of the main disconnecting means. 


Unit Equipment — 700-1 2(f) 
Unit equipment may supply the emergency power. 


Wall-hanging battery packs are typical unit equip- 
ment. The lighting output of the unit must provide 
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power for at least one and one-half hours. The 
battery voltage output must maintain not less than 
874% of the total load of the lamps in the unit. The 
unit equipment must maintain and supply at least 
60% of the initial emergency illumination for a period 
of not less than one and one-half hours. The battery- 
powered emergency lighting unit may be cord and 
plug-connected, provided the cord is 3’ or less in 
length. The pack may also be permanently connected 
by armored cable. 

The emergency unit must always be fixed in place. 
These units provide emergency power for illumination 
in certain rooms or areas; therefore, they must be 
connected to the lighting circuit serving that room or 
area. The unit must always be connected ahead of the 
switch controlling the lighting circuit. Where a separate 
uninterrupted area is served by at least three normal 
lighting circuits, a separate circuit for unit equipment 
is allowed. All circuits must originate from the same 
panelboard with the unit equipment circuit having a 
lock-on feature per Exception to 700-12(f) (Figure 
11-19). 


CIRCUIT SERVICES SAME AREA 
FOR LIGHTING AND BATTERY PACK 


POWER SOURCE 


WALL CONTROLLED 
SWITCH 


CIRCUIT 
FEEDING LIGHTS 


SERVICE EQUIPMENT 
TAP AHEAD OF SWITCH 


RECEPTACLE 
CORD AND PLUG 
BATTERY PACK 


700-12(f) 


Figure 11-19. Battery-pack units must be supplied by the circuit 
serving the lighting in the room or area per 700-12(f), Ex. 


DESIGNING PROBLEMS 


Electrical systems can be designed with either high- 
or low-voltage systems. High-voltage systems lower 
the current and thus allow smaller conductors, conduit, 
and service equipment to be used. Low-voltage 
systems necessitate larger conductors, conduit, and 
service equipment, which increase the cost of the 
equipment and elements. 

The following examples of typical electrical instal- 
lations give step-by-step procedures to follow when 
designing electrical services. 
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Store Building — Three-wire, 
120/240-volt Supply 


Small store buildings are usually supplied by a three- 
wire, 120/240-volt system. This type of distribution 
saves the power company one or two additional 
transformers, and the premises may be served by a 
single-phase service instead of a three-phase service. 

The first step is to determine the general lighting 
load by the volt-amps per square foot in accordance 
with Table 220-3(b) and 220-10(b). 

The second step is to determine the general- 
purpose receptacle load by multiplying the total 
number of 180 volt-amps in accordance with 220- 
3(c)(6) and 220-10(b). If the total exceeds 10 kVA, 
a demand factor of 50% may be applied to all volt- 
amps exceeding 10 kVA. Tables 220-11 and 220-13 
permit the reduction of loads. 

The third step is to determine the total load for all 
special appliances available in the building. These 
appliances are computed at nameplate rating. Deter- 
mine the largest of the air conditioning or electric 
space-heating load, and drop the smallest of the two. 
This must be done when both loads are present. 

The fourth step is to determine the motor load. If 
the total motor load is a single motor and it is the 
largest load, the load must be computed at 125%. Ina 
group of motors, the largest motor of the group is 
computed at 125% plus the full-load current rating of 
the remaining motors of the group. 

The fifth step is to total the load and size the service 
to obtain the answer. 

Figure 11-20 demonstrates the procedure for com- 
puting the total load and sizing the OCPD and the 
service-entrance conductors for a small commercial 
building. 


Store Building — Four-wire, 
120/240-volt Supply 


A store building with a large number of three-phase 
loads and small number of single-phase loads may be 
served by a four-wire, 120/240-volt service. The 120 
volts may be obtained from two of the phase legs to 
ground. This phase-to-ground voltage is derived 
from the lighting and power transformer. The other 
one or two power transformers on either open or 
closed delta systems will provide 240 volts phase to 
phase. The high leg will provide 208 volts to ground. 
Care must be taken not to connect the 120-volt loads 
to the high leg. 

Closed delta systems require three transformers, 
while open delta systems require only two trans- 
formers. One of the advantages of closed delta 
systems is that if one transformer fails, the remaining 
two can be hooked up open delta fashion, and 


PROBLEM: What size service-entrance conductors 
are required to supply a 60’ x 60’ store building 
having a three-wire, 120/240 volt supply with the 
following loads? 


20 linear feet of show window 
1200 VA sign 

40-kW heating unit 

30-kW air conditioner 

Fifty duplex receptacles 

12 HP, 240 V blower motor 


STEP 1: GENERAL LIGHTING LOAD 
Table 220-3(b). 
60 x 60 x 3 VA = 10,800 VA e 


220-10(b). 10,800 VA x 125% = 13,500 VA 
General Lighting Load = 13,500 VA 


20 x 200 VA = 4000 VA 
Show Window Load = 4000 VA e 


Sign Load = 1200 VA e 


220-12. 


600-6(c). 


STEP 2: GENERAL PURPOSE RECEPTACLE 
LOADS 


220-3(c)(6). 50 x 180 VA = 9000 VA 
Load = 9000 VAe 


STEP 3: SPECIAL APPLIANCE LOADS 
220-21. Larger of air conditioning 
or heating load 


A 220-15. Load = 40,000 VA e 
STEP 4: MOTOR LOADS 
Table 430-148. 2 HP, 240 V 
106=4.9A 
4.9 A x 240 V = 1176 VA 


1176 VA x 125% = 1470 VAe 
Load = 1470 VA 


220-14. 


STEP 5: TOTAL THE LOADS AND SIZE 
THE SERVICE 
Total loads = 69,170 VA 
Phases A and B: 
OCPD 
69,170 VA 
240 V 
Neutral: 
General Lighting Load = 10,800 VA 
Sign Load = 1200 VA 
Show Window Load = 4000 VA 
Receptacle Loads = 9000 VA 
10,800 + 1200 + 4000 + 9000 = 25,000 VA 
25,000 VA _ 
SO we 104.2 A 


ANSWER: 
Table 310-16, Column 2. 


Phases A and B = 288.2 A 
Two #350 kcmil THW copper conductors are 
required. 

Neutral = 104.2 A 
One #2 THW copper conductor is required. 


CONDUCTORS 


i 66,470 VA _ 
=288.2A “igy 7277A 


Conductors added at 100% per 220-10(a) 


Figure 11-20. Sizing and rating service-entrance conductors for a 
store building with a three-wire, 120-240-volt supply. 


approximately one-third of the load could still be 
served three-phase power. 

The first step is to determine the total connected 
load on Phases A and C. This will be all the single- 
phase and three-phase loads combined. The single- 
phase load is determined by dividing the total 
connected load in volt-amps by 240 volts. The result 
equals the amps for the single-phase loads. 

The second step is to determine the total connected 
load on Phase B, which consists of the three-phase 
load. The three-phase load is determined by dividing 
the three-phase load listed in volt-amps by the 
phase-to-phase voltage times the square root of 


PROBLEM: What size service-entrance conductors are 
required to supply a 60’ x 60’ store building having a 
four-wire, 120/240 V supply with the following loads? 

20 linear feet of show window 

1200 VA sign 

40-kW heating unit 

30-kW air conditioner 

Fifty duplex receptacles 

Ym HP, 3 blower motor 


STEP 1: GENERAL LIGHTING LOAD 
Table 220-3(b). 

60 x 60 x 3 VA = 10,800 VA e 
220-10(b). 10,800 VA x 125% = 13,500 VA 
General Lighting Load = 13,500 VA 
20 x 200 VA = 4000 VA 
Show Window Load = 4000 VAe 


600-6(c). Sign Load = 1200 VAe 
STEP 2: GENERAL-PURPOSE RECEPTACLE 
LOADS 
220-3(c)(6). 50 x 180 VA = 9000 VA 
Load = 9000 VAe 
STEP 3: SPECIAL APPLIANCE LOADS 
220-21. Larger of air conditioning or 
heating load. 
Load = 40,000 VAe 


STEP 4: MOTOR LOADS 
Table 430-150. 
2 A x 240 V x 1.732 = 832 VA 


832 VA x 125% = 1040 VA 
Load = 1040 VAe 


220-12. 


220-14. 


STEP 5: TOTAL THE LOADS FOR PHASES A and C 
OCPD CONDUCTORS 

Total Loads = 68,740 VA 66,040 VA 
Phases A and C: 
General Lighting Load = 13,500 VA 
Show Window Load = 4000 VA 
Sign Load = 1200 VA 
Receptacle Loads = 9000 VA 


13,500 + 4000 + 1200 + 9000 = 27,700 VA 
120/240 V, 10 load = 
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three. All motor loads are listed in amps in Tables 
430-147 through 430-150 based on the motor’s 
voltage and horsepower rating. 

The third step is to determine the total connected 
load on the neutral conductor. This load will consist 
of all the 120-volt-to-ground loads. The neutral will 
never carry any 240-volt, single-phase; or 240-volt, 
three-phase loads. 

The fourth step is to total the load and size the 
service to obtain the answer. 

Figure 11-21 demonstrates the procedure for com- 
puting the total load and sizing the OCPD and the 
service-entrance conductors. 


OCPD 
27,700 VA 
240 V 


CONDUCTORS 
25,000 VA _ 104.2 A 


=115.4A 240 V 


STEP 6: TOTAL CONNECTED LOADS ON PHASE B 


40,000 VA 
1040 VA 


41,040 VA 


Heating Load = 
Largest Motor Load = 


120/240 V, 36 loads = 


41,040 
E eas 
340 Vki °° ® 


Phase B (high leg) = 98.6 A 
TOTAL CONNECTED LOAD ON NEUTRAL 


Neutral 
General Lighting Load = 10,800 VA 
Show Window Load = 4000 VA 
Sign Load = 1200 VA 
Receptacle Load = 9000 VA 
10,800 + 4000 + 1200 + 9000 = 25,000 VA 
25,000 VA 
>40V. = 104.2A 
Neutral = 104.2 A 


ANSWER: 
Table 310-16, Column 2. (Based on OCPD). 


Phases A andC=115.4A+98.6A=214A 
Two #4/0 copper conductors are required. 


Phase B (high leg) = 98.6 A 
One #3 THW copper conductor is required. 


Neutral = 104.2 A 
One #2 THW copper conductor is required. 


NOTE: Phases A and C will carry the total load. 
Phase B, the high leg, will carry only the three- 
phase loads. The neutral will carry only the phase to 
neutral loads. 


eConductors added at 100% per 220-10(a) 


Figure 11-21. Sizing and rating service-entrance conductors for a store building with a four-wire, 120/240-volt supply. 
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Store Building — Four-wire, 
120/208-volt Supply 


A store building equipped with a large number of 
120-volt loads is usually served by a four-wire, three- 
phase wye connection. The 120 volts to ground can 
be derived from each of the three phases to supply 
the 120-volt loads of the building. Only one neutral is 
required to be run in the same conduit with three 
ungrounded phase conductors. In an open or closed 
delta system only two ungrounded phase conductors 
may be run in the same conduit with the neutral 
conductor. 

More ungrounded phase conductors may be run in 
the conduits, but additional neutrals are then required. 
The number of phases to ground determines the 
number of ungrounded conductors permitted to be 
run with a neutral. If two ungrounded phase conduc- 
tors can be derived from ground, then two can be run 
with one neutral. On a three-phase wye system, three 
ungrounded phases are derived from ground; there- 
fore, three ungrounded conductors may be run with 
each neutral (Figure 11-22). Refer to Figure 11-20 
for the basic steps to determine the connected load. 
This method is identical to the procedure followed to 
design a small store building using a three-wire, 
120/240-volt supply. 


PROBLEM: What size conductors are required to 
supply a 60’ x 60’ store building having a four- 
wire, 120/208 V supply with the following loads? 

20 linear feet of show window 

1200 VA sign 

40-kW heating unit 

30-kW air conditioner 

Fifty duplex receptacles 

Ym HP, 36 blower motor 
STEP 1: GENERAL LIGHTING LOAD 
Table 220-3(b). 

60 x 60 x 3 VA = 10,800 VA e 
220-10(b). 10,800 VA x 125% = 13,500 VA 
General Lighting Load = 13,500 VA 
20 x 200 VA = 4000 VA 
Show Window Load = 4000 VAe 
600-6(c). Sign Load = 1200 VAe 
STEP 2: GENERAL-PURPOSE RECEPTACLE 
LOADS 
220-3(c)(6). 50 x 180 VA = 9000 VA 
Load = 9000 VA e 

STEP 3: SPECIAL APPLIANCE LOADS 


220-21. Larger of air conditioning or 
heating load. 


220-15, Load = 40,000 VAe 


STEP 4: MOTOR LOADS 
Table 430-150 
2.2 A x 208 V x 1.732 = 792 VA 


220-12. 


Office Building — Four-wire, 
120/208-volt Supply 

An office building consists mostly of lighting loads 
and receptacle loads supplying small electric machines 
used for office work. The air conditioning and electric 
space-heating loads are three-phase loads. Motors 
and other loads utilize the three-phase system. Refer 
to Figure 11-20 for the basic steps to determine the 
connected load. This method is identical to the 
procedure followed to design a small store building 
using a three-wire, 120/240-volt supply. Figure 11-23 
demonstrates the procedure for computing the total 
load and sizing the service-entrance conductors. 


Restaurant — Three-wire, 
120/240-volt Supply 


A small restaurant consists of the lighting and 
receptacle loads, with the larger load being the 
cooking equipment. The NEC permits demand factors 
in accordance with Table 220-20. The demand 
factors are based on the number of cooking units 
used. 

The first step is to determine the total connected 
load of the general lighting loads. 

The second step is to find the general-purpose 
receptacle load. 


220-14. 792 VA x 125% = 990 VA 


Load = 990 VAe 
STEP 5: TOTAL THE LOADS AND SIZE THE 
SERVICE (OCPD). 

Total loads = 68,690 VA 

Phases A, B, and C 


OCPD : CONDUCTORS 
68,690 VA 65,990 VA 


208 vx 1.732 71A 30g vxi.z327 183-34 
Neutral: 


General lighting load = 10,800 VA 
Show window lighting load = 4000 VA 
Sign load = 1200 VA 

Receptacle load = 9000 VA 


10,800 + 4000 + 1200 + 9000 = 25,000 VA 
25,000 VA 
208 V x 1.732 
ANSWER: 
Table 310-16, Column 2 (based on OCPD). 


Phases A, B, and C = 191 A 

Three #3/0 THW copper conductors are required. 
Neutral = 69.4 A 
One #4 THW copper conductor is required. 


= 69.4 A 


eConductors added at 100% per 220-10(a) 


Figure 11-22. Sizing and rating service-entrance conductors for a store building with a four-wire, 120/208-volt supply. 


PROBLEM: What size service-entrance conductors 
are required to supply a60’ x 80’ office building having 
a four-wire, 120/208-volt supply with the following 
loads? 
50-kW heating unit 
60’ of multi-outlet assemblies with light-duty loads 
140 duplex plugs, noncontinuous loads 
25 linear ft of show window 
1200 VA sign 
Twenty 200 VA outside lighting fixtures, contin- 
uous loads 
34 HP, 30 blower motor 
STEP 1: GENERAL LIGHTING LOAD 
Table 220-3(b). 
60 x 80 x 3.5 VA = 16,800 VA e 
220-10(b). 16,800 VA x 125% = 21,000 VA 
General Lighting Load = 21,000 VA 
220-10(b). 20 x 200 VA = 4000 VA e 
4000 VA x 125% = 5000 VA 
Outside Lighting Load = 5000 VA 
1200 VA x 100% = 1200 VAe 
25 x 200 VA = 5000 VA 
Show Window Load = 5000 VA e 


STEP 2: GENERAL-PURPOSE RECEPTACLE 
LOADS 
220-3(c)(6). 140 x 180 VA = 25,200 VA 


220-13. First 10,000 x 100% = 10,000 VA 
Next 15,200 x 50% = 7600 VA 
10,000 + 7600 = 17,600 VA 
Load = 17,600 VAe 
220-3(c)(6), Ex. 1. 2 -12 
12’ x 180 VA = 2160 VA 
Multi-outlet Assemblies Load = 2160 VA e 


600-6(c). 
220712. 
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STEP 3: SPECIAL APPLIANCE LOADS 
220-15. Load = 50,000 VAe 


STEP 4: MOTOR LOADS 
220-14. 3.1 Ax 208 V x 1.732 
x11252% - 1395 VA 
Load = 1395 VA 
STEP 5: TOTAL THE LOADS AND SIZE 
THE SERVICE 
Total loads = 103,355 VA 
Phases A, B, and C: 
CONDUCTORS 
98,155 VA 
208 V x 1.732 


OCPD 
103,355 VA 
208 V x 1.732 


= 287 A = PETE 1 


Neutral: 
General Lighting Load = 16,800 VA 
Outside Lighting Load = 4000 VA 
Show Window Load = 5000 VA 
Sign Load = 1200 VA 
Receptacle Load = 17,600 VA 
Multi-outlet Assembly Load = 2160 VA 
16,800 + 4000 + 1200 + 5000 + 17,600 
+ 2160 = 46,760 VA 

46,760 VA_ _ 129.9A 


208 V x 1.732 


ANSWER: 
Table 310-16, Column 2. 


Phases A, B, and C = 287 A 
Three #350 THW copper conductors are 
required. 


Neutral = 129.9A 
One #1 THW copper conductor is required. 


eConductors added at 100% per 220-10(a) 


Figure 11-23. Sizing and rating service-entrance conductors for an office building with a four-wire, 120/208-volt supply. 


The third step is to determine the total connected 
load for the cooking equipment based on the number 
of units. The total nameplate rating of all units is 
reduced by the demand factors based on the number 
of units. All other loads are taken at nameplate value. 

The fourth step is to determine the largest motor 
and multiply its volt-amperage by 25%. 

The fifth step is to add all loads together and divide 
the total volt-amperage by the phase-to-phase voltage. 
The result equals the service load in amps. 


Figure 11-24 demonstrates the procedure for com- 
puting the total load and sizing the OCPD and the 
service-entrance conductors. Table 220-36 allows a 
demand factor to be applied for restaurants based 
upon all electric or not-all electric loads. 


Welding Shop — Three-wire, 
120/240-volt Supply 
A welding shop consists mostly of welders located at 
different areas of the shop. The loads of these 
welders may be reduced by the multiplier based on 
the duty cycle of each individual welder. 

The first step is to determine the general lighting 


load by multiplying the number of lighting outlets by 
180 volt-amps. If the load is continuous, multiply the 
total lighting load by 125%. All the lighting loads of 
the shop must be calculated at either continuous or 
noncontinuous duty. 

The second step is to multiply the number of 
receptacle outlets by 180 volt-amps per outlet for 
noncontinuous loads. Multiply the number of con- 
tinuous receptacle outlets times 180 volt-amps times 
125%. 

The third step is to compute the special appliance 
or equipment loads. The welders are on this load. 
The welders may have a reduction of load according 
to the duty cycle and multiplier of each welder. 

The fourth step is to total all the loads in volt-amps 
and divide the total by the voltage. The result equals 
the service rating in amps. 

The fifth step is to determine the neutral load. The 
neutral load will consist of the 120-volt loads only. 
See the basic steps in Figure 11-20 to determine the 
connected load for the neutral. 


Figure 11-25 demonstrates the procedure for 
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PROBLEM: What size service-entrance conductors 
are required to supply a 40’ x 60’ restaurant having a 
three-wire, 120/240-volt supply with the following 
equipment? 

18-kW electric range, 240 volts 

4-kW fry kettle, 240 volts 

8-kW water heater, 240-volts 

4-kW steamer, 240-volts 

7-kW fryers, 240 volts 

1.5-kW coffee maker, 120 volts 

3.5-kW dishwasher, 120 volts 

2.5-kW toaster, 120 volts 

2.8-kW disposal, 120 volts 

1.5-kW sign, 120 volts 

Eighteen 120-volt, noncontinuous receptacles 


STEP 1: GENERAL LIGHTING LOADS 
Table 220-3(b). 40 x60x2VA= 4800 VAe 
4800 VA x 125% = 6000 VA 
en lighting toad = 1500 VAe 
500 VA x 125% = 1875 VA 


600-6(a)(c). 


STEP 2: GENERAL-PURPOSE RECEPTACLE 
LOADS 


220-3(c)(6). 18 x 180 VA = 3240 VAe 
Load = 3240 VA 


STEP 3: COOKING EQUIPMENT LOADS 
Table 220-20. Range 18.0 kVA 
Fry kettle 4.0 kVA 
Water heater 8.0 kVA 
Steamer 4.0 kVA 
Fryer 7.0 kVA 
Coffee maker 1.5 kVA 
Dishwasher 3.5 kVA 
Toaster 2.5 kVA 
Disposal 2.8 KVA 


51.3 kVA 
Kitchen equipment demand factors: 


51.3 kVA x 65% = 33,345 VA 
Load = 33,345 VAe 


STEP 4: MOTOR LOADS 
220-14, 2800 VA x .25% = 700 VA 
Load = 700 VA 


STEP 5: TOTAL THE LOADS AND SIZE THE 
SERVICE 


OCPD 
Total loads = 45,160 VA 


Phases A and B: 45,160 VA 
ERR nS 
SN = 181.6 A 
Neutral: 

Lighting 

Sign 

Receptacles 


= 188.2 A 


2.5 kVA 
1.5 KVA 
3.5 kVA 
2.8 kVA 
10.3 kVA 
Table 220-20. 10.3 kVA x 80% 
220-14. Largest motor 
2.8 kVA x 25% 


Toaster 
Coffee maker 
Dishwasher 
Disposal 


8.24 kVA 


0.7 KVA 
18.48 kVA 
18,480 VA 


TU A 


18.48 x 1000 = 18,480 VA 


ANSWER: 
Table 310-16, Column 2. 


OCPD 
Phases A and B = 188.2 A 

Two #3/0 THW copper conductors are required. 
Neutral = 77 A 

One #4 THW copper conductor is required. 


OPTIONAL METHOD 
220-36. Not-all electric 
STEP 1: General lighting loads 
General-purpose 
receptacle loads 
Sign lighting loads 
Cooking equipment loads 


6,000 VA 


3240 VA 
1875 VA 
51,300 VA 
62,415 VA 
STEP 2: Table 220-36. Applying demand factors. 
62,415 VA x 100% = 62,415 VA 
ANSWER: 62,415 VA 


eConductors added at 100% per 220-10(a) 


Figure 11-24. Sizing and rating service-entrance conductors for a restaurant with a three-wire, 120/240-volt supply. 


computing the total load and sizing the OCPD and 
the service-entrance conductors. 


School Building — Four-wire, 
2,400/4,160-volt Supply 


School buildings may be computed by the standard 
calculation or by the optional calculation per Table 
220-34. When the optional calculation is used, the 
inside and outside square footage that requires 
lighting is added together. The total connected load 
of the school is totaled and divided by the total 
square footage. This will determine the unit load for 
the volt-amps per square foot. The demand factor is 
based on the volt-amps per square foot rating listed 
in Table 220-34. This demand factor will reduce the 


total connected load, which is divided by the phase- 
to-phase voltage times the square root of three. This 
will equal the service load in amps. 

The first step is to determine the total connected 
load of the building in volt-amps. 

The second step is to add the square footage of the 
inside and outside areas requiring lighting. 

The third step is to divide the total volt-amps by the 
total square footage. This will determine the volt- 
amps per square foot. 

The fourth step is to select the demand factor from 
Table 220-34 based on the volt-amps per square foot 
rating and multiply. 

The fifth step is to divide this volt-amperage by the 
phase-to-phase voltage times the square root of 


PROBLEM: What size service-entrance conductors 
are required to supply a welding shop having a three- 
wire, 120/240-volt supply with the following loads: 
Group of resistance welders (50% duty cycle) 
19.2-kVA welder, 240 voits 
16.8-kVA welder, 240 volts 
14.4-kVA welder, 240 volts 
Group of transformer arc welders (50% duty cycle) 
16.8-kVA welder, 240 volts 
8.4-kVA welder, 240 volts 
6.0-kVA welder, 240 volts 
3.6-kVA welder, 240 volts 
6.5-kVA welder, 240 volts 
Thirty-five 180-volt-amp fluorescent ballasts 
Fifty duplex receptacles 
Ten duplex receptacles, continuous 
1,500 volt-amp sign 


STEP 1: GENERAL LIGHTING LOAD 
220-3(a). 35 x 180 VA x 100% = 6300 VAe 
General lighting load = 
6300 VA x 125% = 7875 VA 
600-6(a)(c). 1500 VA x 100% = 1500 VA e 
Sign lighting load = 
1500 VA x 125% = 1875 VA 
STEP 2: GENERAL-PURPOSE RECEPTACLE 
LOADS 
220-10(b). 50 x 180 VA = 9000 VAe 
10 x 180 VA x 100% = 1800 VAe 
1800 VA x 125% = 2250 VA 


STEP 3: SPECIAL APPLIANCE OR EQUIPMENT 
LOADS 
630-31(a,b). Resistance Welder Loads: Use duty 
cycle of welder and find multiplier: 
19,200 x 71% = 13,632 VA 
71% of largest welder= 13,632 VA 


16,800 x 71% x 60% = 7,157 VA 
14,400 x 71% x 60% = 6,134 VA 

7,157 VA+ 6,134 VA= 13,291 VA 
60% of remaining welder= 13,291 VA 


630-11(a,b). Transformer Arc Welder Loads: Use 
duty cycle of welder and find multiplier: 
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16,800 x 71% x 100% = 11,928 VA 
8,400 x 71% x 100% = 5,964 VA 
11,928 VA + 5,964 VA = 17,892 VA 
100% of the two largest welders = 
17,892 VA 
6,500 x 71% x 85% = 3,923 VA 
85% of the third largest welder= 
3,923 VA 
6,000 x 71% x 70% = 2,982 VA 
70% of the fourth largest welder = 
2,982 VA 


3,600 x 71% x 60% = 1,534 VA 
60% ofallthe otherwelders= 1,534 VA 


STEP 4: TOTAL THE LOADS AND SIZE THE 
SERVICE OCPD 


Total loads = 74,254 VA 


ANSWER: 


OCPD CONDUCTORS 


74,254 VA - 309A 71,854 VA 
240 V 240 V 


Phases A and B: 


= 299 A 


Two #350 kcmil THW copper conductors are 
required. 
Neutral: Lighting load 6300 VA 
Receptacle load 10,800 VA 
Sign load 1500 VA 


18,600 VA 
=77.5 A 


18,600 VA 
240 V 


One #4 THW copper conductor is required; how- 
ever, 250-23(b) requires one #2 THW copper 
conductor. 

NOTE: The neutral must be as large as the 
grounding electrode conductor. 


eConductors added at 100% per 220-10(a) 


Figure 11-25. Sizing and rating service-entrance conductors for a welding shop with a three-wire, 120/240-volt service. 


three. The result equals the service load in amps. 

Figure 11-26 shows step-by-step procedures for 
computing the service. See Figure 11-20 to deter- 
mine the total connected load and size of the OCPD 
and the conductors. 


Hospital — Four-wire, 

277/480-volt Supply 

The lighting load in a hospital may be reduced 
according to the demand factors listed in Table 220- 
11. All other loads of the hospital must be computed 
by the concept of either continuous or noncontinuous 
loads on feeders or branch circuits. The total connected 
load in volt-amps is then divided by the voltage 
configuration used. This computation determines 


the total amperage by which the service equipment 
elements will be selected to accommodate the elec- 
trical system of the building. 

The first step is to determine the general lighting 
load for the building. The lighting load calculation is 
determined by the volt-amps per square foot rating 
listed in Table 220-3(b). 

The second step is to determine the general- 
purpose receptacle load for the building. The recep- 
tacle load calculation is determined by multiplying 
the total number of receptacles by 180 volt-amps. If 
the receptacle loads are noncontinuous, the first 10 kVA 
or less is computed at 100%. All remaining volt- 
amperage is computed at 50%. These two calculations 
determine the receptacle load. 
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PROBLEM: What size service in amps for Phases A, 
B, and Cis required to supply aschool building witha 
four-wire, 2,400/4,160-volt supply if there is a 
150,000 sq. ft. area inside the building, a90,000 sq. 
ft. outside area requiring lighting, and the following 
loads: 

Total lighting load 

(inside and outside) 

Water heater load 

Heating load 

Other loads 

Cooking equipment load 

Miscellaneous loads 350,000 VA 

Air conditioning load (250,000 VA) 


STEP 1: TOTAL THE LOAD IN VOLT-AMPS 
Table 220-34. 
Total Connected Load = 2,450,000 VA 


STEP 2: TOTAL THE SQUARE FOOTAGE 

Table 220-34. 
Outside area 
Inside area 


800,000 VA 
150,000 VA 
500,000 VA 
425,000 VA 
225,000 VA 


90,000 sq. ft. 
150,000 sq. ft. 


240,000 sq. ft. 
STEP 3: DIVIDE THE TOTAL VOLT-AMPS BY THE 


TOTAL SQUARE FOOTAGE 
Table 220-34. 


2,450,000 VA_— 10.2 VA per sq. ft. 
240,000 sq. ft. 


STEP 4: SELECT THE DEMAND FACTOR AND 
MULTIPLY 
Table 220-34. 
First 3 VA per sq. ft. at 100% 
Next 7.2 VA per sq. ft. at 75% 


3 VA/ft? x 240,000 sq. ft. at 100% = 720,000 VA 
7.2 VA/ft2 x 240,000 sq. ft. at 75% = 1,296,000 VA 
Service load rating = 2,016,000 VA 


STEP 5: DIVIDE THE TOTAL VOLT-AMPS BY THE 
VOLTAGE AND SIZE THE SERVICE IN 
AMPS 


ANSWER: 


Phases A, B, and C: 2016,000 VA_ = 279.8 A 
4,160VxV3 


The minimum ampacity for the service-entrance 
conductors is 279.8 amps. 


NOTE: The neutral may be computed by the standard 
calculation. Follow the procedure in Figure 11-20to 
determine the total connected load and size the 
conductors. 


Figure 11-26. Sizing the service rating in amps for Phases A, B, 
and C for a school building supplied by a four-wire, 2,400/4,160- 
volt supply. 


The third step is to determine the equipment 
system loads by adding together the noncontinuous 
load at 100% and the continuous loads at 125%. The 
results of these calculations equal the total connected 
load for sizing the electrical equipment. 

The fourth step is to determine the emergency 
system loads, which consist of the life safety branch, 
the critical branch loads, and any other type of 
emergency loads. 


The fifth step is to add together the total connected 
loads in volt-amps and divide by the voltage. The 


result equals the service rating in amps for Phases A, 
B, and C. 

Figure 11-27 demonstrates the procedure for com- 
puting the total connected load and sizing the OCPD 
and the service-entrance conductors. 


PROBLEM: What size service rating in amps for 
Phases A, B, and C is required to supply a 50,000 
sq. ft. hospital having a 277/480 V, four-wire, 3ọ 
service with the following loads: 
Sign load of 1200 VA 
200 duplex receptacles 
Equipment system loads of 300 kVA 
Emergency systems loads: 
Lite safety branch of 40 kVA 
Critical branch of 40 kVA 
Largest 3b motor of 60 A 


STEP 1: GENERAL LIGHTING LOADS 
Table 220-3(b). 

50,000 x 2 VA = 100,000 VA 
220-10(b). 


100,000 VA x 100% = 100,000 VA 


220-11. Applying demand factors 
First 50,000 VA x 40% = 
Over 50,000 VA x 20% = 


20,000 VA 
10,000 VA 


30,000 VA 

600-6(c). 1200 VA x 100% = 1200 VA 
STEP 2: GENERAL RECEPTACLE LOADS 
220-3(c)(6). 

200 x 180 VA = 36,000 VA 
220-13. Applying demand factors 

First 10,000 VA at 100% = 10,000 VA 

Next 26,000 VA at 50% = 13,000 VA 


23,000 VA 


STEP 3: EQUIPMENT SYSTEM LOADS 
220-10(a); 220-10(b). 
Continous + noncontinous loads = 300,000 VA 


STEP 4: EMERGENCY SYSTEM LOADS 
517-60(a)(2). 
Life safety branch = 
Critical branch = 


40,000 VA 

40,000 VA 

80,000 VA 

STEP 5: TOTAL THE LOADS FOR PHASES A, B, 
and C. 
Total loads = 


ANSWER: 
434,200 

Phases A, B, and C: 480 Vx 1.732” 523 A 
220-14. Largest Motor Load 

60 A x125% =75A 

522.5 A +75A =597.5A 
The minimum ampacity for the service-entrance con- 
ductors is 597.7 amps. 


434,200 VA 


NOTE: The size neutral will be calculated from all 
the 120-volt (phase-to-ground) neutral load of the 
system. The demand factors of Table 220-11 could 
be applied in Step 2. 


Figure 11-27. Sizing the service rating in amps for Phases A, 
B, and C for a hospital supplied by a four-wire, 277/480-volt 
supply using the standard method. 


Hotel or Motel — Four-wire, 
120/208-volt Supply 


The general lighting load for feeder or service con- 
ductors in hotels or motels may have a demand factor 
applied according to Table 220-11. Areas where the 
entire lighting is used continuously must not have 
any demand factors applied. Meeting rooms, recrea- 
tion rooms, laundry rooms, dining rooms, and ball- 
rooms can have the lighting serving each room on for 
three hours or more. This condition of use must have 
the load multiplied by 125% for sizing the OCPD. All 
other loads serving hotels and motels are calculated as pre- 
viously shown for industrial and commercial occupancies. 

The first step is to determine the general lighting 
loads that will serve the general-purpose lighting out- 
lets and general-purpose receptacle outlets. This load is 
found by multiplying the total square footage used for 
guest rooms by the volt-amps per square foot listed in 
Table 220-3(b) and applying appropriate demand fac- 
tors. All other lighting loads used continuously must be 
computed at 125% for sizing the OCPD. 

The second step is to determine the load to serve 
the special appliances. These loads are computed at 
100% for noncontinuous loads and 125% for continu- 
ous loads per 220-10(a)(b). Determine the heating or 
air condtioning load. The smaller of the two may be 
disregarded and only the larger load used. 

The third step is to determine if there is kitchen 
equipment that has loads that can be reduced by 
Table 220-20. 

The fourth step is to compute all the house loads at 
continuous or noncontinuous loads according to the 
provisions of 220-10(a)(b). 

The fifth step is to add together the total connected 
loads and divide by the voltage. The result equals the 
rating in amps. 

Figure 11-28 demonstrates the procedure for com- 
puting the total load and sizing the OCPD and the 
service-entrance conductors for hotels or motels. 


Welders 


The three types of welders are motor-generator, trans- 
former arc, and resistance welders. For individual 
welders, the size of the conductors are determined by 
multiplying the primary full-load current rating of the 
welders by the demand factor found in the tables in 
Article 630 based on the duty cycle of the welder. The 
overcurrent protection devices are selected at 200% or 
300% of the welders’ primary full-load current rating 
per Article 630 based on the type of welder. 

Duty cycle is the percentage of time that the welder 
is actually welding, or the percentage of time that the 
current flows through the work. For example, a welder 


Industrial and Commercial Locations 283 


PROBLEM: What size service rating in amps for 
Phases A, B, and C is required to supply a hotel or 
motel having a four-wire, 120/208-volt supply with 
the following loads: 
125 units with 260 sq. ft. per room 
25-amp air conditioner, 208 volts, single-phase 
7-kVA heating unit, 208 volts, single-phase 
20-kVA continuous-duty house load 
15-kVA kitchen equipment (fourteen appliances 
rated at 208 volts each) 


STEP 1: GENERAL LIGHTING AND RECEPTACLE 
LOADS 
Table 220-3(b). Applying demand factors: 
260 x 2 VA/ft x 125 units = 65,000 VA 


Table 220-11. 
First 20,000 VA at 50% = 
Next 45,000 VA at 40% = 


10,000 VA 
18,000 VA 


28,000 VA 


STEP 2: SPECIAL APPLIANCE LOADS 
220-15. Heating Unit Load: 

7,000 VA x 125 = 875,000 VA 
220-21. Air conditioning unit disregarded 


STEP 3: KITCHEN EQUIPMENT 
Table 220-20. 
15,000 VA x 65% = 9,750 VA 


STEP 4: HOUSE LOADS 
230-42(a); 220-10(a). 
20,000 VA x 100% = 20,000 VA 
STEP 5: TOTAL THE LOAD FOR PHASES A, B, 
and C 
Total connected load = 932,750 VA 


ANSWER 
Phases A, B, and C: -232:750VA_ 


308 Vx 1.732 70914 


The minimum ampacity for the service-entrance 
conductors is 2591 A. 


Figure 11-28. Sizing the service rating in amps for Phases A, B, 
and C for a hotel or motel with a 120/208-volt supply. 


operating on 60 cycle welds for two 15-cycle periods 
per second operates for 30 cycles. The welder’s duty 
cycle is 30 + 60 x 100, or 50%. The demand factor, 
which is the square root of 50%, is based on this vary- 
ing duty (V 50% = 71%) (Figure 11-29). 


Group of Welders 


The size of feeder conductors to two or more welders 
must be at least the sum of the values obtained for the 
largest welder plus a percentage for the remaining 
units. The overcurrent protection devices are selected 
at 200% or 300% of the feeder conductors per Arti- 
cle 630, based on the type of welder (Figure 11-30). 
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PROBLEM: What size conductors and overcurrent pro- 
tection devices are required for a 12 kVA resistance 
welder with a primary current of 65 amps and duty cy- 
cle of 50%? 


STEP 1: 630-31(a)(2). 
50% duty cycle = 71% 


STEP 2: 630-31(a)(2). 
65 A x 71% = 46 amps 


STEP 3: Table 310-16. 
#8 THWN copper 


ANSWER: #8 THWN copper conductors required. 


STEP 1: 630-32(a). 
one welder = 300% of primary current 


STEP 2: 630-32/a). 
65 A x 300% = 195 amps 


STEP 3: 240-3(k); 240-6; 630-32(b). 

150-A overcurrent protection 

device minimum. 
ANSWER: A 150-amp overcurrent protection device is 
required. 


NOTE: 630-32 will permit next higher size device (175 
A), if the device opens unnecessarily. 


Figure 11-29. Sizing the conductors and overcurrent protection devices for an individual welder. 


OVERCURRENT 
PROTECTION DEVICE 


A FEEDER CIRCUIT CONDUCTORS 


OVERCURRENT 
PROTECTION 
DEVICE 


76 A FLC 
WELDER 


45 A FLC 
WELDER 


32 A FLC 
WELDER 


PROBLEM: What size feeder conductors and overcur- 
rent protection devices are required for three resis- 
tance welders rated with a primary full load current of 
76 amps, 45 amps, and 32 amps, respectively? 


STEP 1: 630-31(b). 
71% of largest welder 
76 A x 71% = 54 amps 


60% of remaining welders 
45 A x 71% x 60% = 19 amps 
32 A x 71% x 60% = 14 amps 


87 amps 
total load = 87 amps 


STEP 2: Table 310-16. 
#3 THWN copper 


ANSWER: #3 THWN copper conductors required. 


STEP 1: 630-32(b). 
group of welders 
rating 


300% of conductor’s 


STEP 2: 630-32(b). 
#3 THWN copper = 100 amps 
100 A x 300% = 300 amps 


STEP 3: 240-3(k) and 240-6. 
300-A overcurrent protection device 


ANSWER: A 300-amp overcurrent protection device 
is required. 


NOTE: The 300% must not be exceeded. 


Figure 11-30. Sizing the feeder conductors and overcurrent protection devices for two or more welders. 


CHAPTER 11: COMMERCIAL AND INDUSTRIAL LOCATIONS 
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True or False 


Date 


Circle T (true) or F (false) for each statement. Enter the NEC section number that supports your answer in the 


space provided. 
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The OCPD for lighting loads used at continous duty must not exceed 80% of 
the branch-circuit rating. 


Circuits that have been reduced in rating because of too much conductor fill in 
a raceway do not require another derating. 


Conductors used for feeder circuits must not exceed 6% voltage drop. 
The high leg of a four-wire delta system must be colored red. 


Receptacle outlets used at noncontinuous duty must be calculated at 180 volt- 
amps, except for dwelling units. 


Show window lighting must be calculated at 200 volt-amps per linear foot. 


The number of branch circuits required for the general lighting load can be 
computed by dividing the total load by the capacity of the device. 


Four volt-amps per square foot is the calculation used to determine the general 
lighting load for a barber shop. 


A feeder circuit that supplies a continous load must be calculated at 125% of 
the load served to determine the size of the OCPD. 


The first 20,000 volt-amps or less of a hospital lighting load may be computed 
at a reduction of 70%. 


The total volt-amps for general lighting loads not listed must be calculated at 
100% for noncontinuous duty. 


Electric space heating must be calculated at 100% when the service load is sized 
(general rule). 


The first 10 kVA or less of noncontinuous loaded receptacle outlets installed in 
a store building shall be computed at 100%. 


Four or less commercial electric cooking units may be derated 65%. 


If the heating load is larger than the air conditioning load, the air conditioning 
load may be disregarded. 


Thetotal connectedload up to 3 volt-amps per square foot may be computed at 
25% when the optional calculation is applied for school buildings. 


When the optional calculation is used, the maximum demand data must be 
available for at least one year when new loads are added to an existing service. 


The branch circuit supplying an outdoor sign outlet must be rated at no less 
than 1,725 volt-amps. 


Receptacle outlets used to serve continous loads must be calculated at 125% 
of 180 volt-amps per outlet to determine the size of the OCPD. 
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Design Problems 


Enter the answer(s) to each question and the NEC section number(s) that supports your answer(s) inthe space 
provided. 


Section Answer 
> a pa > wz) if , 
£20-/0F _j 1) Bse Va 1. A store building has a 60’ x 50’ shopping area. What is the 
Teit rating of the general lighting load? 
260- ff _ 38,ea0 VA 2. A hospital has a total lighting load of 125,000 volt-amps. 
What is the load after demand factors are applied? 
Z20- 2 £ _ 28s Kya 3. What isthe general lighting load for a hotel with one hundred 


and twenty-five units of 260 sq. ft. each? 
25 2c Ma -P 
220-308 Zso VA 4. Whatis the total load for fifty receptacles that are used ona 
noncontinuous basis? 


_ 220-30% "Wus VA 


o 


What is the total load for two hundred and twenty-five recep- 
tacles that supply noncontinuous loads in an office? 


IE — Zo fA 6. What is the total connected load for thirty-two receptacles 


TA e ” serving loads used eight hours each day? 
ae OY 


be - £0 She 9 S KYA 7. What is the load for sixteen cooking appliances used in the 


kitchen of a restaurant and pulling a total connected load of 
49 kVA? 


"T TA Whe. What is the demand load (using the optional calculation) fora 
175,000 sq. ft. school with a total connected load of 1,250,000 
volt-amps? 


The existing demand for one year is 36 kVA for a small com- 
mercial building supplied by three #250 kcmil THW copper con- 
ductors. The supply voltage is single-phase, 120/240 volts. The 
new load to be added is 12 kVA of noncontinuous loads. Can 
the new load be added without changing the service? 


What is the load for 60’ of multi-outlet assemblies serving 
light, noncontinuous loads? 


A store building is equipped with two show windows. One 
show window has 35 linear feet to display items. The other 
show window has forty lighting outlets serving medium-base 
incandescent lamps. What is the load for the two show 


windows? 
Ye 
La o OWA 12. A building has a neutral load of 400 amps of incandescent 
Sma lighting and 200 amps of fluorescent lighting. What is the 
/ ABEL t ) amperage for the neutral conductor? 


What is the demand load for a total electric restaurant with 
a load of 300 kVA? 


14. A40 x 60’ commercial store building has a single-phase, 
120/240 volt supply with the following loads: 
e 30-kW heating unit, 240 volts 
e Forty duplex receptacles, 120 volts 
e ‘/s-horsepower blower motor, 120 volts 
220-/@F Using THW copper conductors, find the following: 


BE / 
220-358 4 3/6 14:4, Phasc AandB 


Z žo - SE Ft LZ 14-2. Neutral 
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15. An80’x 90’ store building with 40 linear feet of show window 
has grade level access. The store has the following loads 
eae by a three-phase, 120/208-volt system: 

One hundred and twenty duplex receptacles, 120 volts 

e Twenty-two outside lamps, 120 volts and 150 VA each. 
These lamps burn six hours each night. 

e 60-kW heating unit, 208 volts 

e 12’ of multi-outlet assemblies used at heavy duty, 120 
volts 

e Three-phase, 1-horsepower blower motor, 208 volts 

Using THW copper conductors, find the following: 


ETRY Jt Je 
Z200- Şe E O 15-1. Phases A and B 


15-2. Phase C 


15-3. Neutral 


16. A 40’ x 50’ office building has a three-phase, 120/240-volt 
supply and the following loads: 
e 2,400 volt-amps of noncontinuous loads, 120 volts 
è 25-kW heating unit, 240 volts 
e Sixty duplex plugs, 120 volts 
e Three-phase, '2-horsepower motor, 240 volts 
e 15’ of multi-outlet assemblies used on light duty, 120 
volts 
Using THW copper conductors, find the following: 


16-1. Phases A and C 


ES ap ga pt J . t 
gonz ## Z/O 2 16-2. PhaseB 
dzo- m ge f fe 16-3. Neutral 
R 


_2z7e-5P Við 17. Whatistheloadforthree resistance welders with a 50% duty 
cycle connected on a 120/240-volt supply with the following 
loads? 


e 90 amps or 21,600 VA 
e 70 amps or 16,800 VA 
e 60 amps or 14,400 VA 


Design the service load for a 160,000 sq. ft. school building 
with a total connected load of 1,255,000 VA. The voltage 
supply for the service is a 277/480-volt wye system. 


A Coe tg > a OD 19. a em has a 27 7-volt, four-wire supply with the following 
— PB i i ads: 

e 68,000 sq. ft. area 

e Three hundred and twenty-five duplex receptacles 

e Equipment system loads, 60 kVA 

e Emergency system loads: 
Life safety branch, 45 kVA 
Critical branch, 55 kVA 

e Motor loads: 
One three-phase, 460-volt, 20-horsepower squirrel- 
cage motor 
Two three-phase, 460-volt, 5-horsepower, squirrel- 
cage motors 
Three three-phase, 460-volt, 10-horsepower squirrel- 
cage motors 

Design the service load using THW copper. 


; i FAN 2 

EA pe, ae 20. What is the voltage drop for a 240-volt, two-wire #1/0-THW 
lighting feeder circuit supplying a 150-amp load located 150’ 
away? (Use a 5% voltage drop.) 


E -n 
eee E a a 


TES 
6 Y .; . age tas 4 a ye R 


w Jote l A * 
P i 


a f6 Hokus agaaa e Sime 


CHAPTER 


HAZARDOUS 
LOCATIONS 


Article 500 defines hazardous locations and gives requirements for 
the proper installation of electrical components in these locations. A 
hazardous location is any location where a potential hazard (either a 
fire or an explosion) may exist because of the presence of flammable, 
combustible, or ignitible materials. These materials may consist of 
gases, vapors, liquids, dust, fibers, etc. 

The NEC classifies hazardous locations according to the properties 
and quantities of the hazardous material which may be present. 
Hazardous locations are divided into three classes, two divisions, 
and seven classified groups as follows: Class |, Il, and Ill; Division 


1 and 2; and Groups A, B, C, D, E, F, and G. 
Wiring methods for hazardous locations must meet NEC require- 


ments. 


CLASSIFYING HAZARDOUS 
LOCATIONS: CLASSES — 500-1 


The NEC divides hazardous locations into three 
classes (Figure 12-1). The first class is vapors or 
gases, the second is combustible dust, and the third is 
ignitible fibers. Each class requires a different set of 
rules for installation of wiring methods and equipment. 


Class | Locations — 500-5 


Class I locations have, or may have, sufficient quan- 
tities of flammable gases or vapors present to cause 
explosions or fires. These flammable gases or vapors 
may result from normal operating conditions of the 
equipment, faulty repair or maintenance procedures, 
equipment leakage, or faulty operation of equipment. 
Class I locations include such facilities as the hazardous 
areas of petroleum refineries, gasoline storage and 
dispensing areas, dry cleaning operations, etc. 
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Class II Locations — 500-6 


Class II locations are combustible-dust locations. 
These locations include grain elevators, flour mills, 
and feed mills. Manufacturing plants that use or store 
magnesium or aluminum powders; plants that are 
producers of plastics, medicines, and fireworks; 
manufacturing companies that produce candies and 
starch; and process sugar plants, cocoa plants, etc., 
are examples of locations that are classified as Class 
II locations. 


Class Ill Locations — 500-7 


Class II locations are ignitible-fiber locations. These 
locations include rayon mills, cotton mills, textile 
mills, and clothing manufacturing plants. Plants which 
pulverize, shape, or cut wood that produces sawdust 
or flyings are also classified as Class III locations. 
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CLASSIFYING HAZARDOUS 
LOCATIONS: DIVISIONS — 
500-5(a), 500-6(a), and 500-7(a) 


The NEC recognizes two divisions of hazardous loca- 
tions: Division 1 and Division 2 (Figure 12-1). Division 
1 applies to those areas where ignitible mixtures exist 
under normal conditions of use. Division 2 applies to 
areas where ignitible mixtures exist only under 
unusual conditions of use. 


Class I, Division 1 Locations — 500-5(a) 


Class I, Division 1 locations are areas where flammable 
gases or vapors are present under normal operating 
conditions, or as a result of repair operations or equip- 
ment leakage or as a result of breakdown or faulty 
operation of equipment. 


Class I, Division 2 Locations — 500-5(b) 


Class I, Division 2 locations are areas where flammable 
liquids or gases are stored in containers, and explosive 
vapors would be released into the air only if the con- 
tainers were accidentally ruptured. 


Class Il, Division 1 Locations — 
500-6(a) 

Class II, Division 1 locations are areas where com- 
bustible dust or mechanical failure of equipment may 
produce explosive or ignitible mixtures, or where 
electrically conductive, combustible dust may be 
present. Examples of these areas are processing 
plants for grain, sugar, cocoa, spices, flour, and similar 
products. Dust containing magnesium or aluminum 
particles is extremely hazardous. Special care should 
be exercised to avoid ignition of such dust, which 
could result in explosion. 


Class Il, Division 2 Locations — 
500-6(b) 

In Class I, Division 2 locations, combustible dust is 
not present under normal operating conditions. 
Examples of these areas include light manufacturing 
and assembly plants where dust is not created as a 
part of the working process. 


Class Ill, Division 1 Locations — 
500-7(a) 

Easily ignitible fibers or flyings are produced during 
manufacturing processes in Class II, Division 1 loca- 
tions. Examples of these areas include cotton and 
textile mills and clothing manufacturing plants. 


FLAMMABLE 
VAPORS 7 


CLASS I, DIVISION 1 


Flammable gases and 
vapors exist under 
normal operating 
conditions. 


FLAMMABLE 
LIQUIDS 


CLASS 1, DIVISION 2 


Flammable liquids and 
gases are contained in 
enclosed containers. 


GROUPS A,B,C, AND D 


EQUIPMENT 


CLASS II, DIVISION 1 
Combustible dusts are 
present under normal 
operating conditions. 


LIGHTING 
FIXTURES 


CONVEYOR 


PROCESSING 
EQUIPMENT 


CLASS ll, DIVISION 2 
Combustible dusts are 
not present under 
normal operating 
conditions. 


GROUPS E, F, ANDG 


COTTON 


IGNITIBLE 
FIBERS 


CONTROL 
PANEL 


TRAILER 
WITH COTTON 


LIGHTING 
FIXTURES 


IGNITIBLE 
FIBERS 


CLASS Ill, DIVISION 1 CLASS Ili, DIVISION 2 


Ignitible fibers are used 
or manufactured. 


ignitible fibers are 
stored or handled. 


NO GROUPS 


Figure 12-1. Classifying hazardous locations by classes, divisions, 


and groups. 


INTRINSICALLY SAFE CIRCUITS 
AND EQUIPMENT — 500-2 


Intrinsically safe circuits and equipment comprise a 
low-energy system that can be used in all three classes 
of hazardous locations. These types of circuits and 
equipment are designed in such a way that electrical 
and thermal energy, available under both normal and 
abnormal conditions, is low enough not to cause ignition 
of the flammable gas, vapor, or combustible dust. 

Intrinsically safe circuits with low energy levels 
should be separated from circuits with higher levels 
of energy. The circuits must be run in separate con- 
duits where they leave equipment and associated 
components. Intrinsically safe wiring and related 
elements must be installed in enclosures with circuits 
of higher energy in such a manner as to prevent the 
two systems from contacting each other, which would 
put the higher energy on the lower energy system. 

Transformers, diodes, and resistors are assemblies 
used to provide low-energy, intrinsically safe circuits 
and equipment for hazardous locations. Intrinsically 
safe circuits and equipment can be used only where 
low-energy systems will perform the job required. 
Such systems may not be used where higher levels of 
energy are required. 

Seals must be placed in conduit entering and leaving 
hazardous areas to prevent passing of gases, vapors, 
and fire through the conduit. 


CLASSIFYING HAZARDOUS 
LOCATIONS: GROUPS — 500-3 


Air mixtures of gases, vapors, and dusts are grouped 
according to their characteristics (Figure 12-1). The 
NEC classifies Groups A, B, C, and D for Class I 
locations. These groups pertain to gases and vapors. 
Groups E and G pertain to Class II locations. These 
groups pertain to combustible dusts. There are no 
group classifications of gases, vapors, or dusts for 
Class III locations. 

locations. 

Equipment installed in Groups A, B, C, and D 
locations must have operating temperatures below 
the ignition temperature of the vapor used. Equip- 
ment installed in Groups E, F, and G must have a sur- 
face temperature rating lower than the ignition tem- 
perature of the specific dust produced. 


Group A 

Group A is an atmosphere containing acetylene. 
Equipment with a rating up to 536° F (280° C) may be 
used. 
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Group B 


Group B is an atmosphere containing hydrogen, or 
gases or vapors with a hazard equivalency of hydrogen. 
Butadiene, and ethylene and propylene oxides are 
included in this group. Equipment with a rating to 
536° F (280° C) may be used. 


Group C 


Group C is an atmosphere containing cyclopropane, 
ethyl ether, or ethylene or gases or vapors with a 
hazard equivalency of these gases. Equipment witha 
rating to 356° F (180° C) may be used. 


Group D 

Group D is an atmosphere containing acetone, alcohol, 
benzine, butane, gasoline, propane, natural gases or 
gases or vapors with a hazard equivalency of these 
gases. Equipment with a rating to 536° F (280° C) 
may be used. 


Group E 

Group E is an atmosphere containing combustible 
metallic dust or other dust with a similar hazard 
equivalency. Equipment rated to 392° F (200° C) 
may be used. 


Group F 


Group F is an atmosphere containing carbon black, 
charcoal coal or coke dusts with not more than 8 per- 
cent total volatile material. 


Group G 


Group G is an atmosphere containing combustible 
dusts. Equipment rated to 329°F (165°C) and not sub- 
ject to overloading may be used. Equipment that is 
subject to overloading (motors, transformers, etc.) 
may be used if rated 248°F (120°C) or less. 


WIRING METHODS: CLASS I, 
DIVISIONS 1 AND 2 — 501-4 


Class I, Division 1 and 2 locations are considered the 
most hazardous locations and require stringent wiring 
methods for electrical equipment. Article 501 lists 
the provisions for designing and installing electrical 
wiring in these two locations. 
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Class Ill, Division 2 Locations — 
500-7(b) 

Easily ignitible fibers are stored or handled in Class 
III, Division 2 locations. Warehouses and storage 
facilities for dry goods containing such fibers are 
examples of these locations. 


Wiring Methods: Class I, Division 1 — 
501-4(a) 

Rigid metal conduit, intermediate metal conduit (IMC), 
and Type MI (mineral-insulated) cable may be used 
in Class I, Division 1 locations (Figure 12-2). All 
conduit must be threaded. Termination fittings 


appropriate for the location must be used with Type 
MI Cable. 


POWER 


SOURCE 


BOX 


WIRING METHOD 
MUST BE: 


@RIGID CONDUIT 
@iMc 
@MI CABLE 


DISCONNECTING 


501-5(a) 


CONTROLLER 


MOTOR 


501-4(a) 


Figure 12-2. All electrical components of Class I, Division 1 
locations must be explosion-proof. 


All boxes and fittings must be explosion-proof and 
have threaded hubs or openings. Connectors are not 
permitted in Class I, Division 1 locations. 

Switches used in Class I, Division 1 locations must 
be explosion- proof. These switches are designed to 
contain an explosion. 

Lighting fixtures used in Class I, Division 1 locations 
must be approved for the location. Mounting boxes 
must be explosion-proof and approved for hanging 
and mounting fixtures. Pendant fixtures must be wired 


EXPLOSION-PROOF 
FLEXIBLE TUBING 


EXPLOSION-PROOF 
BOXES 


BRACE 
a CONDUIT 


EXPLOSION-PROOF 
LIGHTING FIXTURES 


RIGID-STEM 
CONNECTION 


FLEXIBLE 
CONNECTION 


501-9(a)(3) 


Figure 12-3. Two methods of suspending explosion-proof lighting 
fixtures in Class I, Division 1 locations. 


by metal conduit and suspended. Conduit systems 
over 12” in length must be braced at the lower end, or 
a piece of explosion-proof flexible tubing can be placed 
at the upper end of the conduit stem below the ceiling 
box. The flexible tubing must not be more than 12” 
from the ceiling box (Figure 12-3). 

Flexible cords which have been approved for use in 
Class I,Division 1 locations may be used to connect 
portable lamps or appliances (Figure 12-4). Motors 
and generators must be approved for Class I, Division 
1 locations, or they must be totally enclosed and pipe- 
ventilated from a clean-air area to a safe discharge 


POWER SOURCE 


CONDUIT 
DISCONNECTING 


MEANS 
SEALS 
501-5(a) 
APPROVED 
FLEXIBLE 


CORD 


PORTABLE 
APPLIANCE 


Figure 12-4. Approved flexible cords may be used to connect 
portable lamps or appliances in Class I, Division 1 locations. 


area. Motors that are filled with inert gas may also be 
used. Motors or generators designed for submersible 
applications may be used for Class I, Division 1 loca- 
tions per 501-8(a). 

Dry-type transformers are permitted in Class I, 
oil-filled are not permitted in Class I locations. Trans- 
formers containing liquids that will burn must be 
formers containing liquids that will burn must be 
installed in approved vaults according to the provisions 
of 501-2(a)(1). 


Wiring Methods: Class I, Division 2 — 
501-4(b) 

Wiring methods approved for use in Class I, Division 
2 locations include rigid metal conduit, intermediate 
metal conduit (IMC), MI (mineral-insulated) cable, 
MC (metal-clad) cable, SNM (shielded nonmetallic 
sheathed) cable, TC (power and control tray) cable, 
and other approved cables (Figure 12-5). Flexible 
cables must be installed so that tensile stress is 
avoided at termination fittings. 

Explosion- proof boxes and fittings are not required 
for Class I, Division 2 locations. When seals are re- 
quired, they must be explosion- proof. 

Flexible metal conduit or cords are permitted when 
flexible connections are required. Cords must be of 
the extra-hard type and have an equipment grounding 
conductor. Approved fittings must be used with 
flexible metal conduits or cords. 

Switches must be in enclosures approved for Class 
I, Division 2 locations or they must be rated for 
general-purpose use. Contacts for these switches 
must be hermetically sealed or oil-immersed. 

Lighting fixtures without switches may be the 
general-purpose type. Lighting fixtures with switches 
must be approved for Class I, Division 2 locations. 

Squirrel-cage, split-phase, or capacitor-type motors 
equipped with sliding contacts, centrifugal, or other 
types of switching mechanisms must be approved for 
use in Class I, Division 2 locations. These same motors 
may be of the general-purpose, enclosed type if they 
do not contain thermal protectors or arc-producing 
devices. Transformers used in Class I, Division 2 
locations may be the general-purpose type. 

Flexible cords used in Class I, Division 2 locations 
are permitted only for portable lamps or appliances. 
The cords must meet the following requirements: 

1. They must be the extra-hard usage type. 

2. They must have an equipment grounding con- 
ductor. 

3. They must be terminated in an approved manner. 

4. Clamps must provide relief of tension for 
connections. 
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TO OTHER POWER 
\ LOADS \ SOURCE 


THREADED 
HUBS 


BOX 


DISCONNECTING 
MEANS 


CONTROLLER 


WIRING METHOD 
MUST BE: 


eRIGID METAL CONDUIT 

eIMC 

Mi CABLE 

eMC CABLE 

eSNM CABLE 

eTC CABLE 

eMV CABLE 

e*PLTC CABLE 

*ENCLOSED GASKETED 
BUSWAYS AND WIREWAYS 


501-4(b) 


MOTOR 


NOTE: SEALS, WHEN 
REQUIRED, MUST BE 
EXPLOSION PROOF. 


Figure 12-5. All components of Class I, Division 2 locations are 
not required to be explosion-proof. 


Sealing — 501-5 

Sealing in conduit systems must be provided if sparks, 
arcs, or high temperatures could be present in en- 
closures containing electrical equipment installed in 
Class I, Divisions 1 and 2 locations. Sealing the 
conduit closes the openings which will isolate the 
enclosure from the other wiring systems. If seals are 
placed in the conduit system where the conduit enters 
an enclosure, gases or vapors are contained in the 
conduit system. This method of sealing prevents an 
explosion in the enclosure from traveling through the 
conduit to other locations, causing an additional fire 
or explosion. Sealing requirements are the same for 
Class I, Division 1 and for Class I, Division 2 locations. 
Drainage must be provided where there is the possi- 
bility of liquid resulting from condensed vapor accu- 
mulation in the system. Seals must be provided in 
conduit systems at specific locations, under the 
following conditions per 501-5 (Figure 12-6): 


Enclosures — 501-5(a)(1). Seals are required within 
18” of any enclosure containing an apparatus that 
may create sparks, arcs, or hightemperatures. Explo- 
sion-proof connections must be provided between 
the sealing fitting and the enclosure. 


Conduit 2” or Larger — 501-5(a)(2). Seals are 
required when 2” or larger conduit enters enclosures 
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that are fitted with terminals, splices, or taps. The 
seal must be placed within 18” of the enclosure. 


Nipples 36” or Less — 501-5(a)(3). Seals are 
required when enclosures are connected by nipples 
or runs of conduit not more than 36” long. The seal 
may be placed in the middle of the conduit or nipple. 
This placement of the seal will be within the 18” 
required distance from the enclosure. 


Boundary — 501-5(a)(4). Seals are required in 
Class I locations at the boundary where the conduit 
leaves a hazardous area and enters an area which is 
not classified as i.azardous. The seal may be placed at 
any convenient point in the run on either side of the 
boundary. However, it must not allow gases or vapors 
to enter the electrical system in the nonhazardous 
area. 

The exception will permit a conduit to pass through 
a Class I, Division 1 location from a nonhazardous 
area. No fittings are allowed in the conduit within, or 
12” beyond, the hazardous area. 


Cable Systems — 501-5(e)(1). Seals are required in 
cable systems when the cables are capable of trans- 
mitting gases or vapors through the cable core. The 
seal must be placed where the cable leaves Class I, 
Divisions 1 or 2 locations. 


WIRING METHODS IN CLASS Il, 
DIVISIONS 1 and 2 LOCATIONS — 
502 


Electrical equipment installed in Class II locations 
shall have a surface temperature that will not tend 
to dry out or cause carbonization of dust. Dust in this 
condition can be very dangerous. Section 500-3(d) 
limits the surface temperature at which electrical 
equipment may operate in Class II locations. Equip- 
ment not subject to overload is equipment such as 
lighting fixtures. Equipment subject to overload is 
equipment such as motors and transformers used for 
power. Ignition temperature of dust must be carefully 
considered before designing electrical systems. 
Article 502 lists the provisions for designing and 
installing electrical wiring in Class II locations. 


Wiring Methods: Class II, Division 1 — 
502-4(a) 

The types of wiring permitted in Class II, Division 1 
locations include metal conduit and Type MI (mineral- 
insulated) cable (Figure 12-7). Boxes and fittings 
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Figure 12-6. Sealing requirements for Class I, Divisions 1 and 2 
locations. 


must have threaded bosses for conduit or cable 
connections. Covers for the boxes must be tight-fitting 
to prevent the entry of dust. All openings through 
which dust might enter are prohibited. 

Boxes containing splices and taps that are located 
in locations where dust is hazardous but not necessarily 
of acombustible, electrically conductive nature must 
be approved for Class II locations. Boxes without 
splices and taps are not required to be approved for 
Class II locations. However, they must be provided 
with tight-fitting enclosures with no openings. All 
boxes and fittings in locations where dust of a com- 
bustible, electrically conductive nature is present 
must be approved for Class II locations. 

Liquidtight flexible metal conduit or flexible cord 
may be used to provide flexible connections. When 
cord is used, a grounding conductor must be provided. 
Dust-tight seals at both ends must also be installed if 
dust of an electrically conductive nature is present. 

Switches must be dust-ignition-proof enclosures 
and designed as an approved assembly for Class IJ 
locations. Lighting fixtures used in Class II locations 
must be approved for Class II locations and the fixture 
marked for the maximum volt-amperage and size 
lamp permitted. 

Motors installed in Class II locations must be 
approved for Class II locations or be of the totally 
enclosed, pipe-ventilated type. 

Transformers of the Askarel or dry type must be 
approved for installation in Class II locations. Oil- 
filled transformers are not permitted in Class II 
locations. 

Flexible cords may be used for flexible connections 
in Class II, Division 1 locations. Flexible cords must 
be the extra-hard usage type and must have an equip- 
ment grounding conductor. The equipment grounding 
conductor must terminate in an approved manner 
with clamps to relieve tension. Seals must be pro- 
vided at boxes or fittings that are dust-ignition- proof. 
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Figure 12-7. All electrical components of Class II, Division 1 
locations must prevent ignitible dust from entering the system. 
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Wiring: Class Il, Division 2 — 502-4(b) 


The types of wiring methods permitted in Class II, 
Division 2 locations are rigid metal conduit, IMC 
(intermediate metal conduit), EMT (electrical metallic 
tubing), dust-tight wireways, MI (mineral-insulated) 
cable, MC (metal-clad) cable, and SNM (shielded 
nonmetallic sheathed) cable (Figure 12-8). Wireways, 
fittings, and boxes must have close-fitting enclosures 
with no openings. This requirement is to prevent arcs 
or sparks from loose connections within the enclosure 
from escaping. Wireways, fittings, and boxes are not 
required to be approved for Class II locations. 

Liquidtight flexible metal conduit or flexible cord 
may be used to provide flexible connections. When 
cord is used, a grounding conductor must be provided. 
Dust-tight seals at both ends must also be installed if 
dust of an electrically conductive nature is present. 

Switches must have dust-tight enclosures and be 
approved for installation in Class IJ, Division 2 
locations. 

Lighting fixtures for Class II, Division 2 locations 
must have tight-fitting enclosures. Openings which 
would allow arcs or sparks to escape are not permitted. 
Fixtures are not required to be approved for Class II, 
Division 2 locations, but must be designed not to 
collect dust. 
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Figure 12-8. Wiring methods permitted in Class H, Division 2 
locations. 


Motors must be of the dust-ignition- proof type or 
be totally enclosed. However, by special permission 
of the authority having jurisdiction, other types may 
be used — for example, when conditions do not require 
dust-ignition-proof or totally enclosed motors. 
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Askarel transformers may be the general-purpose 
type. Transformers exceeding 25 kVA are required to 
have pressure-relief vents. Dry-type transformers of 
600 volts or less must have tight-fitting enclosures. 
Dry-type transformers rated over 600 volts are not 
permitted. Oil-filled transformers are not permitted 
in Class II, Division 2 locations (Figure 12-9). 
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Figure 12-9. Transformers used in Class II, Division 2 locations. 


Flexible cords must be the extra-hard usage type. 
They must be equipped with an equipment grounding 
conductor, terminating in an approved manner with 
clamps to relieve tension. Seals must be provided at 
boxes or fittings that are dust-ignition- proof (Figure 
12-10). 
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Figure 12-10. Flexible cords may be used for flexible connections 
in Class II, Division 2 locations. 


Sealing: Class II, Divisions 1 and 2 — 
502-5 

Sealing in Class IJ, Divisions 1 and 2 locations is to 
prevent dust from entering enclosures through a race- 
way. This would be the case where arun of conduit is 
connected from a dust-ignition-proof enclosure to a 
nondust-ignition-proof enclosure in a hazardous- dust 
location. Dust in conduit will not travel over 10’ 
horizontally in any direction or 5’ vertically in an 
upward direction. Naturally, dust will fall downward 
in vertical runs of conduit. Therefore, seals must be 
installed in any run of conduit extending less than 10’ 
horizontally or 5’ vertically, and a seal must always be 
installed in a vertical run of conduit connecting a 
switching device below the nondust-ignition-proof 
enclosure. 

Seals must be provided in conduit systems at 
specific locations. Seals are required in conduit 
systems when a switching device is installed under 
the nondust-ignition-proof enclosure. Otherwise, dust 
could easily travel downward to the enclosure with 
the switching device and create a potential hazard. 

Seals are not required when a switching device is 
installed above a nondust-ignition-proof box if the 
box is 5’ or more from the switching device. (Dust will 
not travel upward over 5’.) 

A seal is required in any horizontal run of conduit 
less than 10’ from a switching device to a nondust- 
ignition- proof box. Dust will travel from enclosure to 
enclosure when the conduit is less than 10’ in length. 

A conduit connecting a nondust-ignition-proof 
enclosure in a nonhazardous location to a dust-ignition- 
proof enclosure in a hazardous location is not required 
to be sealed. Conduit may be any length. Dust cannot 
be transmitted through the raceway from the en- 
closure in the nonhazardous area. 


WIRING METHODS: CLASS III, 
DIVISIONS 1 and 2 — 503 


Electrical equipment installed in Class III locations 
must meet the same requirements as electrical equip- 
ment installed in Class II locations. Equipment 
installed in Class III locations must be capable of 
operating without developing excessive carbonization 
of fibers and flyings. The maximum surface temper- 
atures for equipment not subject to overload is 165° 
C (329° F). For equipment subject to overload, the 
maximum surface temperature is 120° C (248° F). 
Motors and power transformers are equipment that 
can be subject to overload. 

Seals are not required in Class III locations, Article 
503 lists the provisions for designing and installing 


electrical wiring in Class III, Divisions 1 and 2 loca- 
tions. The types of wiring methods permitted in these 
locations are (Figure 12-11): 

Rigid metal conduit. 

PVC (rigid nonmetallic conduit). 

IMC (intermediate metal conduit). 

EMT (electrical metallic tubing). 

Dust-tight wireways. 

MI cable (mineral-insulated). 

MC cable (metal-clad power cable). 

SNM cable (shielded nonmetallic sheathed cable). 
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Figure 12-11. Wiring methods permitted in Class III, Division 1 
and 2 locations. 


Boxes and fittings must be tight enclosures with no 
openings for arcs or sparks to escape. Switches also 
must have tight enclosures with no openings for arcs 
or sparks to escape. 

Liquidtight flexible metal or nonmetallic conduit 
or flexible cord may be used to provide flexible con- 
nections. When cord is used, a grounding conductor 
shall be provided. Means shall be provided to prevent 
the entrance of flyings or fibers into boxes and fittings. 

Lighting fixtures used in Class III locations must 
have tight enclosures with no openings to allow arcs 
or sparks to escape. 

Motors must be totally enclosed and nonventilated, 
totally enclosed and pipe-ventilated, or totally en- 
closed and fan-cooled. The exception permits self- 
cleaning textile motors of the squirrel-cage type, or of 
the standard open type without sliding contacts or 
switching mechanism. The authority having jurisdiction 
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must make the decision on whether the exception 
applies, based on certain conditions. For example, 
the motors must be accessible for servicing and 
located where only moderate accumulations of lint or 
flyings will collect on the motor or machine (Figure 
12-12). 


Transformers in Class III, Divisions 1 and 2 loca- 
tions must comply with 503-2. These requirements are 
the same as those for transformers in Class II, Divi- 
sions | and 2 locations per 502-2(a)(b) (refer to Figure 
12-9). Control transformers in Class III, Division 1 
locations must comply with 503-5. 


Flexible cords must be of the extra-hard usage type 
and have a grounding conductor. Clamps must be 
provided to relieve tension at terminal connections. 
Means must be provided to prevent the entrance of 
flyings or fibers where the cord enters boxes or 
fittings. Flexible cord requirements for Class III 
locations are similar to flexible cord requirements for 
Class II, Division 2 locations. However, seals are not 
required. 
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Figure 12-12. Requirements for motors used in Class III, Division 
1 and 2 locations. 


COMMERCIAL GARAGES, REPAIR 
AND STORAGE AREAS — 511 


Commercial garages, repair, and storage locations 
are areas where vehicles (automobiles, trucks, and 
other vehicles with engines) that carry volatile, flam- 
mable liquid are repaired or stored. Garages used for 
parking are not included in this category. They are 
not considered hazardous locations and need only be 
adequately ventilated to remove exhaust fumes which 
could be dangerous in sufficient quantities. 
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Hazardous Areas — 511-2 


Commercial garages are considered part hazardous 
and part nonhazardous. The area extending over 18” 
above the finished floor grade is not considered 
hazardous. The area above the floor up to 18” is 
considered a Class I, Division 2 location. 

A pit area below the floor level is considered a Class 
I, Division 1 location unless there is a ventilation 
system providing six air changes per hour which are 
exhausted outside or at floor level. This type of 
ventilation system must be approved by the authority 
having jurisdiction (Figure 12-13). 

Rooms that are adjacent to garages with partitions 
are not considered hazardous areas. Such rooms could 
be stock rooms, office rooms, or panelboard rooms. 

Rooms that are not separated by partitions are 
considered hazardous unless the authority having 
jurisdiction deems otherwise. If the room is properly 
ventilated, or spacing is such that no hazardous 
conditions exist, the area may be classified as non- 
hazardous. 

Portable lamps used in garages shall meet the 
following requirements: 

e Must be equipped with a handle. 

Must have a hook and guard. 
Must be the unswitched type. 
Must have no plug-in. 

Must be of nonmetallic material. 

Lamps over 18” above the floor level are not re- 
quired to be approved for Class I locations. However, 
lamps below the 18” floor level must be rated for 
Class I locations. 
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Figure 12-13. Hazardous locations in a commercial garage. 


Wiring and Equipment in Hazardous 
Areas — 511-3 


Hazardous vapors in garages seek a low level. This is 
why the hazardous boundary is only 18” above the 
floor level. Any wiring and equipment located below 
the 18” hazardous level must be installed according 
to the requirements of Article 501. All wiring methods 
and equipment must be suitable for Class I locations 
(Figure 12-14). 
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Figure 12-14. Electrical equipment located within 18” of the 
floor in commercial garages must be approved for Class I use. 


Sealing — 511-5 

Sealing of electrical equipment in hazardous areas of 
commercial garages, repair, and storage areas must 
comply with the provisions of 501-5. Seals must be 
installed in all conduit runs that enter or leave the 18” 
floor level boundary. Seals must be placed in all 
conduit runs that connect to arcing, sparking, or high- 
temperature enclosures that contain such devices, if 
located in hazardous areas. 


Wiring in Spaces above Hazardous 
Areas — 511-6 
Wiring methods permitted 18” above floor level 
include (Figure 12-15): 

e Rigid metal conduit. 

e EMT (electrical metallic tubing). 

e IMC (intermediate metal conduit). 

e PVC (rigid nonmetallic conduit). 

e Electrical nonmetallic tubing. 

e ENT (electrical nonmetallic tubing). 

e MC cable (metal-clad cable). 

e MI cable (mineral-insulated cable). 

e TC cable (power and control tray cable). 

e SNM cable (shielded nonmetallic cable) 

Flexible cord of a suitable type may be used for 
pendants if installed above the hazardous area. The 
grounded conductor of the cord must be connected to 
the screw shell of a lampholder or to the terminal of 
the equipment. 


Receptacles must be of the polarized type so that 
the plug can be inserted in the receptacle in one way 
only. Receptacles located above the 18” hazardous 
boundary level may be of the general-purpose type. 
Receptacles located below the 18” boundary level 
must be approved for Class I locations. 
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Figure 12-15. Wiring methods permitted above the 18” boundary 
area of Class I locations. 


Equipment above Hazardous 
Locations — 511-7 


Equipment installed 12’ above the floor of hazardous 
areas may be of the general-purpose type. Equipment 
installed less than 12’ above the floor of hazardous 
areas must be of an approved type. Lighting fixtures 
and equipment must meet requirements for installation 
in Class I locations. 

Equipment capable of producing arcs or sparks 
installed less than 12’ from the floor must have a tight 
enclosure to prevent the escape of arcs or sparks. 
Charging panels, generators, motors, or other such 
equipment installed less than 12’ above the floor 
must be of the totally enclosed type. 

Lighting fixtures located less than 12’ above lanes 
for vehicle use must have tight enclosures to prevent 
the escape of arcs or sparks that could fall to the floor 
and cause a fire or explosion from vapors seeking the 
low level along the floor. All fixtures located in these 
areas must be constructed to prevent the escape of 
arcs or sparks (Figure 12-16). 


GFCI Protection for Personnel—511-10 


GFCI protection is required for all 125 V, 15/20 A, 1¢ 
receptacles installed in areas where electrical auto- 
motive diagnostic equipment, portable electrical power 
tools, or portable lighting is used. 
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AIRCRAFT HANGARS — 513 


Aircraft hangars are used for storage and/or servicing 
of aircraft. Volatile, flammable liquids or gases are 
present in these hangars. However, aircraft hangars 
are not considered hazardous if the aircraft has been 
purged before being stored in the hangar. 


Classification of Locations — 513-2 


Some portions of aircraft hangars are hazardous and 
other portions are nonhazardous. The space above 
the 18” boundary area is considered nonhazardous. 
The area within the 18” boundary is hazardous. 

A pit below the floor level is considered a Class I, 
Division 1 location and must be wired according to 
the provisions of the NEC. The area extending up toa 
height of 18” above the floor is classified as a Class I, 
Division 2 location. All wiring methods and equipment 
installed in this area must comply with the NEC pro- 
visions for Class I, Division 2 locations (Figure 12-17). 
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Figure 12-16. Fixtures located within 12’ of commercial garage 
floors must be approved for Class I installations. 
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Figure 12-17. Hazardous locations in an aircraft hangar. 
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The area within 5’ measured horizontally from air- 
craft fuel tanks or power plants is a Class I, Division 2 
location. The area from the floor level above the 
surface of the engine enclosures or wings, whichever 
is greater, is also a Class I, Division 2 location. 

Rooms that are adjacent to aircraft hangars but 
separated by partitions are not classified as hazardous 
if properly ventilated. 


Wiring and Equipment: Class | 
Locations — 513-3 


All wiring methods installed in or under hangar floors 
must meet requirements for Class I, Division 1 loca- 
tions. Additionally, all wiring and equipment installed 
in any hazardous areas in a hangar must meet the 
requirements of Class I, Divisions 1 and 2 locations. 
The location of the equipment or wiring determines 
the classification (Figure 12-18). 

Attachment plugs and receptacles used in Class I 
locations must be designed so as not to be energized 
when connected or disconnected. 
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Figure 12-18. Location of equipment in an aircraft hangar deter- 


mines the hazardous area classification. 


Wiring Not within Class | Locations — 
513-4 
Wiring methods installed in nonhazardous areas of a 
hangar may be one of the following: 

e Rigid metal conduit. 

e EMT (electrical metallic tubing). 

e IMC (intermediate metal conduit). 

e MI cable (mineral-insulated cable). 


e MC cable (metal-clad cable). 

e TC cable (power and control tray cable). 

e SNM cable (shielded nonmetallic cable). 

Flexible cords with a grounding conductor and of 
the hard usage type may be used for pendants. 
Flexible cords with a grounding conductor and of the 
extra-hard usage type may be used for portable 
appliances and lamps. The grounded conductor in a 
cord must be connected to the screw shell of a lamp- 
holder or to the terminal of the equipment. Receptacles 
must be the polarized type so that the plug can be 
inserted in the receptacle in one way only. 


Equipment Not within Class | Locations 
— 513-5 

Any equipment capable of producing an arc or spark 
and located less than 10’ above aircraft wings and 
engines must be of the totally enclosed type. Portable 
heating appliances or portable appliances with arcing 
devices must be approved for Class I locations. 


Sealing — 513-7 

A seal is required at every point where the conduit 
system passes from a hazardous to a nonhazardous 
area. The area beneath the hangar floor is classified 
as a Class I, Division 1 location. All conduits entering 
this area must be approved for Class I, Division 1 
locations. All conduits leaving this area vertically will 
enter a Class I, Division 2 location up to 18” above the 
floor level. 


GASOLINE DISPENSING AND 
SERVICE STATIONS — 514 


Gasoline dispensing and service stations are locations 
where flammable liquids or gases are transferred to 
vehicle fuel tanks. All locations having a gasoline 
dispensing pump to fill the fuel tanks of automobiles, 
trucks, etc., are subject to the requirements of Article 
514, 


Class | Locations — 514-2 


Table 514-2 is used to classify the hazardous areas in 
service stations when Class I liquids are stored, 
handled, or dispensed. The location is always Class I, 
Group D. What must be determined is whether the 
location is Division 1 or 2. This is accomplished by 
determining certain distances related to the dispenser. 

The area inside the dispenser is a Class I, Division 
1 location up to a height of 4’ above the base. The area 
measured 18” horizontally from the outside of the 


dispenser to the height of the dispenser vertically 
from the finished grade is a Class I, Division 2 loca- 
tion. The outside area of the dispenser extending 20’ 
in a circular area is a Class I, Division 2 location up 
to a height of 18”. Any area of a building that is in 
this circle is a Class I, Division 2 location if not 
separated by a wall partition or elevated 18” above 
grade (Figure 12-19). 
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Figure 12-19. Hazardous locations around pumps are classified 
according to vertical and horizontal distances from the pump. 


The area measured 10’ horizontally in a circular 
area from outside a fill pipe with a loose type of 
connection to 18” above ground is a Class I, Division 
2 location. The outside circular area for a fill pipe with 
atight connection is 5’ horizontally and 18” vertically. 
This is also a Class I, Division 2 location. If not 
separated by a wall partition or elevated 18” above 
grade, any space in a building falling in the circle is a 
Class I, Division 2 location (Figure 12-20). 
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Figure 12-20. Hazardous locations around fill pipes extend 18” 
vertically. 
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The area in an overhead dispenser pump and 18” 
from the pump in all directions is a Class I, Division 1 
location. The space extending 2’ beyond the 18” and 
down to the floor level is a Class I, Division 2 location. 
The space measured 20’ horizontally from a point 
vertically below the dispenser’s enclosure up to a 
height of 18” is a Class I, Division 2 location. Wall 
partitions serve to isolate adjacent rooms or buildings 
from these hazardous areas. 

The area within a 3’ radius from the point of dis- 
charge of a tank vent pipe is a Class I, Division 1 
location. The area between the 3’ to 5’ radius is a 
Class I, Division 2 location. If the vent pipe is vented 
downward, the entire circular area below the vent 
pipe is Class I, Division 2. 

Any room or area used for lubrication is classified 
as a Class I, Division 2 location to a height of 18” 
above the finished floor level. A pit located in a 
lubrication room or area is a Class I, Division 1 location 
from the bottom of the pit to the floor. 


Wiring and Equipment within Class | 
Locations — 514-3 


Electrical equipment and wiring located in hazardous 
areas of dispenser pumps and service stations must 
comply with the provisions of Article 501. See 501-4 
for the wiring methods permitted and 501-2, 501-6, 
501-8, 501-9, and 501-10 for requirements concerning 
equipment. 


Wiring and Equipment above Class | 
Locations — 514-4 


Electrical equipment and wiring located above the 
18” floor level boundary may be installed according 
to the provisions of Article 511. See 511-6 for wiring 
methods and 511-7 for equipment permitted. 


Circuit Disconnects — 514-5 


All ungrounded conductors, including the neutral, 
when run through or to a dispenser pump, must be 
disconnected from the circuit simultaneously (Figure 
12-21). 

Attended Self-Service Stations — 
514-5(b) 

Emergency controls shall be located not over 100’ 


from gasoline dispensers and be acceptable to the 
AHJ. 


Unattended Self-Service Stations — 
514-5(c) 
Emergency controls shall be located over 20’ and less 


than 100’ from gasoline dispensers and be acceptable 
to the AHJ. 
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PUMPS SIMULTANEOUSLY. 
SP CB WITH HANDLE TIES 
NOT PERMITTED 


TO DISPENSER 
PUMPS 


NEUTRAL 


NEUTRAL 
BUS 
514-5 


Figure 12-21. All ungrounded conductors, including the neutral, 
must be disconnected simultaneously on circuits supplying dis- 
penser pumps. 


Sealing — 514-6 

Seals must be placed in the conduit run from the 
building to the dispenser to prevent the passage of 
gases, vapors, or flames. Each run of conduit entering 
or leaving a dispenser pump must have a seal. The 
seal must be the first fitting where the conduit enters 
the dispenser from the concrete or earth. Each 
conduit run that leaves a hazardous location and 
enters a nonhazardous location also requires a seal. 
Seals must be applied according to 501-5, 501-5(aX4), 
501-5(bX1), and 501-4(a) (Figure 12-22). 


DISPENSERS 


NON-HAZARDOUS 
AREA 


SEE 500-2 AND 504 FOR 
INTRINSICALLY SAFE CIRCUITS 
RUN IN CONDUIT WITH POWER CONDUCTORS 


514-6 


Figure 12-22. The seal must be the first fitting where a conduit 
enters the dispenser from the concrete or earth. 


Underground Wiring — 514-8 


Underground wiring buried less than 2’ from finished 
grade must be either rigid metal conduit or inter- 
mediate metal conduit (IMC). 


The first exception to this rule allows MI cable to 
be used. The second exception allows rigid nonmetallic 
conduit (PVC) to be used if buried 2’ or more below 
finished grade. Rigid metal conduit or IMC must be 
connected to 90° metal ells emerging the last 2’ to the 
surface. Any part of electrical wiring or equipment 
below the surface of a Class I, Division 1 or 2 location 
is classified as a Class I, Division 1 location. 


BULK-STORAGE PLANTS — 515 


Bulk-storage plants are locations where gasoline or 
other volatile liquids are stored in tanks having a 
capacity of one carload or more. Gasoline and volatile 
liquids are distributed from bulk-storage plants by 
tank trucks. All grounding must comply with the pro- 
visions of Article 250. Appliances and portable lamps 
used in Division 1 or 2 locations must comply with the 
provisions of Article 501. 


Class I Locations — 515-2 


The provisions of Table 515-2 must be applied where 
Class I liquids are stored, handled, or dispensed in 
order to classify the hazardous locations. A Class I 
location does not extend beyond a wall, ceiling, or 
other solid partition. 

Pumps, bleeders, withdrawal fittings, meters, etc., 
installed indoors in gasoline pipelines or tanks, are 
subject to leakage from wear or damage. Consequently, 
precautions must be taken when installing and 
operating electrical equipment in these areas. 

There are two major hazardous locations inside 
bulk-storage plants. The first location is the areafora 
distance of 5’ in all directions from any gasoline or 
volatile liquid fitting or device. The second hazardous 
location is the area extending 25’ horizontally (up toa 
height of 3’ above the floor or ground) from a fitting or 
device. These two areas are Class I, Division 2 
locations. 

The major outside hazardous locations at bulk- 
storage plants are the areas extending 3’ in all direc- 
tions from fittings or devices and the area extending 
10’ horizontally along the ground (up to a height of 
18” from the fittings or devices) (Figure 12-23). These 
outdoor areas are designated Class I, Division 2 
locations. 

The area in all directions from a vent pipe or fill 
pipe for a distance of 3’ is a Class I, Division 1 location. 
The area 2’ beyond the 3’ area is a Class I, Division 2 
location. This classification applies to areas in which 
individual containers or drums are filled with flam- 
mable liquids. The area around a fill or vent pipe 
measured 10’ horizontally and up to 18” above the 
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Figure 12-23. Classifying hazardous locations for bulk-storage 
plants. 


floor or ground is a Class I, Division 2 location. If 
mechanical ventilation is not provided, the area is a 
Class I, Division 1 location. 

Tank vehicles and cars may be loaded through an 
open dome or through the bottom with connections 
designed with atmostpheric venting. Loading may 
also be done through a closed dome with atmospheric 
venting. A vapor recovery system may also be used 
for loading. 

When loading is done through an open dome, the 
Class I, Division 1 location extends 3’ in all directions. 
The Class I, Division 2 location extends 12’ beyond 
the 3’ Class I, Division 1 location. 

When loading is done through bottom connections 
with atmospheric venting, the Class I, Division 2 
location extends 18” above grade level and 10” hori- 
zontally in a circular area. The Class I, Division 1 
location extends from the vent 3’ in all directions. The 
Class I, Division 2 location extends 12’ beyond the 3’ 
Class I, Division 1 location. This space extends above 
the vent and also below the vent to grade level. 

When loading is done through a closed dome witha 
vapor recovery system, the Class I, Division 1 location 
extends 3’ in all directions in a circular area from both 
the vapor line and fill line connections. The Class I, 
Division 2 location extends up to 18” ina 10 circular 
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area around the bottom loading connection. The 
Class I, Division 2 location also extends 3’ in all 
directions from the vapor line connection and bottom 
loading connection. 

All pits and spaces located below floor level are 
considered Class I, Division 1 locations. The area up to 
18” above floor level for storage or repair garages is 
considered a Class I, Division 2 location. 

For ditches, separators, and impounding basins 
associated with bulk-storage plants, the Class I, 
Division 2 area extends 18” above grade and 15’ 
horizontally from the edge of the ditch, separator, or 
basin. 

All rooms with openings falling within Division 1 or 
Division 2 locations must be classified with the 
adjacent locations. 

The Class I, Division 2 location extends 10’ from 
shell ends or roofs of the tank. This includes the area 
inside the dikes to the top level of the dike. The Class 
I, Division 1 location extends 5’ from the open end of 
avent in all directions. The Class I, Division 2 location 
extends 5’ and 10’ from the open end of the vent in all 
directions. This 10’ space extends 5’ beyond the 5’ 
Class I, Division 1 space. 

Without mechanical ventilation, the Class I, 
Division 1 location is the entire area inthe pit if the pit 
is located in a Class I, Division 2 location. With 
mechanical ventilation, the Class I, Division 2 location 
is the entire area in the pit if the pit is located in a 
Class I, Division 2 location. If the pit contains valves, 
fittings, or piping and is not within a Division 1 or 2 
location, the entire pit is considered a Class I, Division 
2 location. 


Wiring and Equipment within Class | 
Locations — 515-3 


All electrical wiring and equipment located in a Class 
I location defined per 515-2 must be installed accord- 
ing to the provisions of Article 501. See 501-4 for wir- 
ing provisions and see 501-2, 501-3, 501-6, 501-8, 
501-9, and 501-10 for equipment provisions. 


Wiring and Equipment above Class | 
Locations — 515-4 


All electrical wiring and equipment in this location 
must be installed with one of the following wiring 
methods: 
e Metal conduit. 
EMT. 
MI cable. 
TC cable. 
SNM cable. 
MC cable. 
PVC Schedule 80. 
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Equipment capable of producing arcs or sparks 
must be totally enclosed or must be equipped with 
tight enclosures to prevent the escape of arcs or sparks. 
Motors that have make-and-break or sliding contacts 
must be the totally enclosed type or must be designed 
to prevent the escape of arcs or sparks. Squirrel-cage, 
split-phase motors not equipped with built-in thermal 
protectors or starting switches may be the general- 
purpose type (Figure 12-24). Appliances and portable 
lamps used in Division 1 or 2 locations must comply 
with Article 501. 
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Figure 12-24. Wiring and equipment must be approved for instal- 


lation in Class I, Division 2 locations of bulk-storage plants. 


Underground Wiring — 515-5 


Rigid metal conduit or IMC must be used for all 
underground installations less than 2’ below finished 
grade. PVC conduit or an approved cable may be 
used if buried 2’ or more in the earth below the finished 
grade. Rigid metal conduit or IMC must be used the 
last 2’? where the conduit or cable emerges from the 
earth. An equipment grounding conductor must be 
run with PVC conduit to ground noncurrent-carrying 
metal parts. A cable must be provided witha grounding 
conductor or have a metal sheath to ground the metal 
parts. 


Sealing — 515-6 

Approved seals must be installed according to the 
provisions of 501-5. Conduits installed below Class I 
locations are considered to have the same classification. 


SPRAY APPLICATION, DIPPING, 
AND COATING PROCESSES — 516 


In areas where spray application, dipping, and coating 
processes take place, paints or other flammable 
finishes are regularly or frequently used. When a 
volatile, flammable solvent or thinner is applied, 
ignitible deposits or residues collect on equipment 
and wiring methods. Equipment enclosures must be 
designed to operate at ambient temperatures below 
the flash point of such flammable liquids. 


Classification of Locations — 516-2 


The classification of an area is determined by the 
amount of dangerous quantities of flammable vapors, 
combustible mist, residues, dust, or deposits which 
are present. 

For dipping and coating, the Class I, Division 1 
location extends 5’ in all directions from the vapor 
source. This distance is from the dip tank or wet- 
coating area on the drainboard or directly on the 
dipped object. The hazardous area extends down to 
the floor level. The area extending 5’ to 8’ is a Class I, 
Division 2 location, except to the floor level. In 
addition, the Class I, Division 2 location extends from 
the 5’ Class I, Division 1 location to 3’ above the floor 
level at a horizontal distance of 20’. 

Pits that are located 25’ horizontally from the vapor 
source or extend 25’ beyond the hazardous area are 
considered Class I, Division 1 locations unless a vapor 
stop is provided (Figure 12-25). 

For open spraying, the Class I, Division 1 location 
extends 20’ horizontally and 10’ vertically for all space 
around the spraying operation (Figure 12-26). This 
distance may be reduced if wall partitions isolate the 
spray area. This classification applies for extensive 
open spraying, not for touch-up open spraying. 

The space outside an open-front spray booth is a 
Class I, Division 2 location. This classification extends 
3’ in all directions from any openings, not including 
the open face or open front of the spray booth. 

If the ventilation system does not operate when the 
spray equipment is in use, the hazardous area outside 
is a Class I, Division 2 location. This hazardous area 
extends 10’ from the open face or front of the spray 
booth. 
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Figure 12-25. Hazardous areas around, above, and below a dip 
tank and vapor source. 


When spraying is done in an open top spray booth, 
the Class I or II, Division 2 location extends 3’ above 
the booth and within 3’ of any other booth openings. 

When spraying is done in an enclosed spray booth 
or room, the Class I or II, Division 2 location extends 
3’ in all directions from all openings. 

Locations adjacent to Class J or II locations and 
separated by solid wall partitions with no openings 
may be classified as nonhazardous. This judgment is 
made by the authority having jurisdiction. 

Locations in which drying, curing, or fusion 
apparatus is used may be classified nonhazardous 
under the following conditions: 

1. A positive mechanical ventilation system is 
provided to remove all hazardous vapors. 

2. Effective interlocks are provided to shut down 
all electrical equipment. 


Wiring and Equipment in Class | 
Locations — 516-3 


All electrical wiring and equipment used in hazardous 
locations must be designed specifically for the location 
where they will be used. Electrical wiring and equip- 
ment located in Class I locations must be installed 
according to the provisions of Article 501. See 501-4 
for wiring provisions and see 501-2, 501-3, 501-6, 
501-8, 501-9, and 501-10 for equipment provisions. 

Electrical equipment located where paint, lacquer, 
etc., may accumulate to a point that a hazardous 
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Figure 12-26. Classifying hazardous locations in and around 
spray booths. 


condition may exist must be approved for such con- 
ditions of use. 

All lighting fixtures located in a spray booth are 
required to be approved for Class I, Division 1 loca- 
tions. Lighting fixtures are used to illuminate the area 
in a spray booth through glass panels in the wall or 
ceiling. This method eliminates the use of expensive 
explosion-proof fixtures. Glass panels with encased 
wire mesh are the most popular type in use today. The 
light bulb or tube must not heat the glass to a point 
where high temperatures exist (Figure 12-27). 

The general rule for portable equipment is that 
portable lamps or appliances are not permitted in 
spray areas during spray operations per 516-3(d). Ex- 
ception No. 1 permits portable lamps to be used if they 
are approved for Class I, Division 1 locations. Excep- 
tion No. 2 permits portable drying apparatuses to be 
used in automobile refinishing spray booths with the 
following conditions. 

1. The apparatus and electrical connections are 
not located in the spray booth during spray operations. 

2. All equipment below the 18” floor level must be 
approved for Class I, Division 2 locations. 
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3. The metallic parts of the drying apparatus must 
be bonded and grounded. 

4. Interlocks prevent spray equipment from oper- 
ating while the drying apparatus is in the spray en- 
closure, or 

a. The drying apparatus must shut off in case the 
ventilation system should fail, or 
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Figure 12-27. Classifying lighting for spray booths. 


b. A 3-minute purge of the enclosure is allowed 
before the drying apparatus is turned on. 

Fixed electrostatic spraying equipment uses high- 
voltage grids to attract any spray material that may be 
in the air after coating has been done by the atomizer. 


Wiring and Equipment above Class | 
Locations — 516-7 


The following wiring methods are permitted above 
Class I locations: 
e Metal conduit. 
EMT. 
PNC. 
MI cable. 
TC cable. 
SNM cable. 
MC cable. 

Seals must be provided for conduit running through 
Class I or Class II locations. 

Any equipment capable of producing an arc or 
spark must have tight enclosures. Motors with built- 
in thermal protectors or starting switches must be the 
totally enclosed type. 


CHAPTER 12: HAZARDOUS LOCATIONS 


Name 


True or False 


Date 


Circle T (true) or F (false) for each statement. Enter the NEC section number that supports your answer in the 


space provided. 
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Class |, Division 1 locations are areas containing flammable gases or vapors. 
Transformers with liquid that will burn must be installed in an approved vault. 


Switches with contacts immersed in oil must not be used in general-purpose 
enclosures when located in Class I, Division 1 areas. 


Enclosures containing components that have arcing devices must have an 
approved seal located with 18” of each conduit run entering or leaving the 
enclosure. 


Each 2” or less run of conduit entering or leaving an enclosure used only for 
splices must have a seal within 18” of the enclosure. 


Motors installed in Class |, Division 1 locations must be approved for Class |, 
Division 1 areas. 


Squirrel-cage induction motors without arcing devices must be the explosion- 
proof type when installed in Class |, Division 2 locations. 


Lighting fixtures installed in Class |, Division 1 locations must be the explosion- 
proof type. 


Class II locations are areas that contain combustible dust. 


Rigid metal or IMC conduit are the only wiring methods permitted in Class |, 
Division 1 locations. 


A 20’ run of conduit between an explosion-proof box and anonexplosion-proof 
box in a Class II, Division 1 location must be provided with a seal. 


Flexible cords may be used to connect portable appliances in Class I, Division 
2 locations. 


A 4 run of conduit between two enclosures (one with a switching device) 
located in a Class II, Division 1 area must have a seal. 


Rigid metal or IMC conduit may be used in Class H, Division 1 locations. 


Where flexible connections are required, a flexible cord or liquidtight flexible 
metal conduit may be used in Class II, Division 1 locations. 


Totally enclosed, pipe-ventilated motors must not be installed in Class II, 
Division 1 locations. 


EMT conduit may be used for general wiring in Class II, Division 1 locations. 
Class III locations are areas that contain ignitible fibers or flyings. 


Atotally enclosed, fan-cooled motor must not be installed in Class III, Divisions 
1 and 2 locations. 


Seals are not required in conduit runs in Class III, Divisions 1 and 2 locations. 
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Design Problems 


Write the answer(s) to each question in the space provided below the question. Enter the NEC section 
number(s) that supports your answer(s) in the space provided at the left. 


Section 


1. What is the hazardous area in a commercial garage? 


2. What is the hazardous vertical area around a dispenser pump? 


3. What is the hazardous horizontal area around a dispenser pump? 


4. What is the hazardous area around a vent pipe for an underground tank? 


5. Wherearethe seals required in a run of conduit from the station to a dispenser pump? 


6. What is the hazardous area of a dike surrounding a tank? 


7. What is the hazardous area around a tank located above ground? 


8. What is the maximum distance of emergency controls from gasoline dispensers 
at an attended self-service station? 
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Technological advances in our society have greatly reduced the 
number of hours required to produce the goods necessary for our 
citizens. As a result, many people have more leisure time. This in- 
creased amount of leisure time coupled with the desire to remain 
physically fit has produced a large demand for more swimming pools 


and related equipment. 


Because of the large amounts of water involved, proper adherence 
to electrical installation procedures is vitally important for the well- 


being of swimmers. 


SWIMMING POOLS — 680 


Many pools are installed with underwater lighting 
and other electrical equipment. Article 680 covers 
the design and installation of this electrical equip- 
ment. Special consideration must be taken in de- 
signing and installing electrical equipment either 
below or above the water level. Therefore, bonding 
and grounding requirements are extensive for elec- 
trical equipment for swimming pools. The water and 
wet-surface areas around a pool can be very dangerous 
by attracting stray currents. 


Installing Receptacles — 680-6(a) 

Receptacles installed near a pool or fountain must be prop- 
erly located to minimize shock hazards to personnel in or 
around the pool. Receptacles must not be located 
within 10’ of the inside walls of the pool. However, the 
exception permits a single receptacle of the locking 
type to be installed not less than 5’ from the inside 
walls of the pool. This receptacle may be used to feed 
arecirculating pump motor for a permanently installed 
pool. The receptacle must be protected by a GFCI 
circuit. This type of installation permits the owner to 
remove the pump motor without disturbing the 
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grounding and bonding of metal parts. (The pump 
motor must be removed in the winter in areas of the 
country that are subjected to freezing temperatures. ) 

At least one GFCI-protected receptacle must be 
located in an area within 10’ to 20’ from the inside 
wall of the pool. The 10’ limitation is to keep portable 
radios, televisions, etc., away from the water’s edge 
when plugged into the receptacle (Figure 13-1). 

NOTE: Receptacles located behind walls with 
hinged or sliding doors, windows, or other effective 
barriers are allowed within 10’ of a swimming pool 
per 680-6(aX3), FPN. 


AT LEAST ONE 
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REQUIRED IN 
THIS AREA 
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ALLOWED IN 
THIS AREA 
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680-6(a); 680-6(a)(3), FPN 


Figure 13-1. Location of receptacles around a swimming pool. 
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Installing Lighting Fixtures — 680-6(b) 
Lighting fixtures and ceiling fans, like receptacles, 
must be installed around or over the pool at safe 
heights. This is to protect personnel while they are 
servicing or changing lamps. Persons swimming in or 
playing near the pool must also be prevented from 
contacting live parts in the fixture or fan. 

The general rule will not permit lighting fixtures 
and ceiling fans to be installed directly over the pool 
or within an area extending 5S’ horizontally from the 
inside walls of the pool. Lighting fixtures and ceiling 
fans installed at least 12’ above the maximum water 
level of the pool are permitted anywhere over or 
around the pool. 

Lighting fixtures that are existing and rigidly 
attached are permitted when located not less than 5’ 
horizontally from the inside walls of the pool and not 
less than 5’ vertically above the maximum water level. 

Lighting fixtures may be installed over indoor pool 
areas if the following requirements are met: 

e The fixture is the totally enclosed type. 

e The circuit is GFCI-protected. 

e The fixture is at least 7’-6” above the maximum 

water level. 

Lighting fixtures installed 5’ to 10’ horizontally 
from the inside walls of the pool to a height 5’ above 
the maximum water level must be installed with GFCI 
protection. The fixture must be rigidly attached to 
the structure of the building located by the pool. 
Lighting fixtures installed outside the 10’ horizontal 
and 5’ vertical area are permitted without GFCI pro- 
tection (Figure 13-2). 

Lighting fixtures that are cord- and plug-connected 
must be installed according to 680-7. This require- 
ment applies when the fixture is located within 16’ of 


the water surface. This measurement must be 
measured radially per 680-6(b)(3). 
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Figure 13-2. Location of lighting fixtures around a swimming 
pool. 


Any switching device must be located at least 5’ 
from the inside walls of the pool. If the switching 
device is separated by a permanent barrier, this rule 
does not apply. 


Installing Cord- and Plug-connected 
Equipment — 680-7 
Fixed or stationary equipment rated at 20 amps or 
less, including any lighting fixture located within 16’ 
of the water’s edge of a pool, may be cord- and plug- 
connected, provided the following conditions are met 
(Figure 13-3): 

e The cord does not exceed 3’ in length. 

e A #12 equipment grounding conductor is pro- 

vided in the cord. 
e The plug is the grounded type. 
The cord may be longer for storable pools. 
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Figure 13-3. Location of cord- and plug-connected equipment 
rated at 20 amps or less around a swimming pool. See 680-25(c), 
Ex. 4 for pool-associated motors. 


Installing Overhead Conductors — 
680-8 


The main requirement for installing overhead con- 
ductors is that the conductors must not pass over the 
following (Figure 13-4): 

e The pool or the area 10’ horizontally from the 

inside walls of the pool. 

e Any diving board structure. 

e Any observation stand, tower, or platform. 

Exception No. 1 allows utility-owned and utility- 
maintained power lines to pass over the maximum 
water level of the pool as long as certain heights are 
maintained, based on certain voltage levels. 
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Figure 13-4. Overhead conductors must have a minimum hori- 
zontal clearance of 10’ from the pool and must not pass the pool, 
diving board, or observation stands. 


The table in 680-8 lists the clearances for over- 
head conductors supplied by the utility company. 
The clearances are based on the voltage level of the 
overhead conductors crossing the pool area. The table 
is divided into three parts (Figure 13-5): 

1. Part A pertains to utility lines crossing the water 
or ground level, including the base, to a diving plat- 
form or raft permanently anchored. 

2. Part B pertains to utility lines crossing over 
diving platforms or towers. 
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Figure 13-5. Location of utility lines around a swimming pool. 
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3. Part C limits the horizontal clearance measured 
from the inside walls of the pool. The area extending 
10’ includes items listed in 680-8, Ex. 1 and 2. NOTE: 
680-8(3) is not included in this measurement. 

For example, a 120/240-volt, single-phase service 
drop (utility lines) may cross the pool as long as the 
drop cable is not less than 18’ from the maximum 
water level. The clearances from diving structures, 
observation stands, towers, or platforms must also be 
met. Part A to the table in 680-8 permits a service 
drop cable of zero to 750-volts to ground to pass over 
the pool if it is 18’ or more above the maximum water 
level of the pool. Part B requires a clearance of 14’ 
from the diving structures, observation stands, towers, 
or platforms. 

Communication conductors (telephone lines) or 
community antenna systems (television) may pass 
over a pool if a 10’ vertical clearance is maintained 
above the swimming pool. This clearance is required 
for diving structures, observation stands, towers, or 
platforms (Figure 13-6). 


COMMUNICATION CONDUCTORS 
OR COMMUNITY ANTENNA SYSTEM 
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Figure 13-6. Location of communication conductors or community 
antenna systems around a swimming pool. 


Installing Underground Wiring — 
680-10 


Underground wiring is not permitted under the pool 
or in the area extending 5’ horizontally in all directions 
from the inside wall of the pool. However, the first 
exception allows wiring for supply equipment asso- 
ciated with a pool to be installed in this area. The 
wiring for a wet-niche lighting fixture is an example of 
the underground wiring for supply equipment that 
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may be located within 5’ of the inside walls of a 
swimming pool. 

Where space does not permit underground wiring 
outside the 5’ limit, the wiring may be installed in 
rigid metal conduit, IMC, or PVC approved for the 
location per the second exception. 


Installing Transformers and GFCIl’s — 
680-5 

Transformers and GFCIs used to supply lighting 
fixtures adjacent to swimming pools must comply 
with the following requirements (Figure 13-7): 

1. Transformers must be the two-winding type 
with a grounded metal barrier between the windings. 
The transformer enclosure must be approved for the 
purpose. 


DIVING 
ENCLOSURE BOARD 


LIGHTING SWIMMING 
a ae POOL 


GFCI 


RECEPTACLE CIRCUIT 
TWO-WINDING TYPE BREAKER 
TRANSFORMER WITH 
METAL BARRIER 
680-5 


Figure 13-7. GFCI circuits or swimming pool transformers 
supplying underwater lighting fixtures. 


2. The GFCI protection may be provided by a 
GFCI circuit breaker or a GFCI receptacle. 

3. Conductors of the GFCI circuit must not occupy 
a conduit or other enclosure containing other circuit 
conductors. However, GFCI conductors are permitted 
in a panelboard with other circuit conductors. Circuit 
conductors supplying a feed-through GFCI receptacle 
are also permitted to be in the same enclosure. 


Installing Underwater Lighting Fixtures 
— 680-5(c) and 680-20(a) 

Underwater lighting fixtures, if not installed properly, 
can present a dangerous shock hazard to anyone in 
the pool. To protect swimmers, underwater lighting 
fixtures must meet the following requirements (Figure 
13-8): 

1. They must be installed so that shock hazard is 
prevented without the use of a GFCI circuit. Note, 
however, that underwater lighting fixtures operating 
at avoltage of more than 15 volts must be supplied by 
a GFCI circuit. 

2. They must be limited to 150 volts between 
conductors. 

3. They must be installed at least 18” below the 
normal water level. This prevents the fixture from 
overheating or the fixture surface from heating to a 
point that could burn someone climbing out of the 
pool. The exception allows specially designed under- 
water lighting fixtures to be installed not less than 4” 
below the normal water level. 

Underwater lighting fixtures must be inherently 
equipped to protect against overheating when the 
fixture relies on submersion for safe operation. 
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Figure 13-8. Requirements for installing underwater lighting 
fixtures. 


Wet-niche Fixtures — 680-20(b). Wet-niche 
fixtures must be equipped with a metal forming shell 
that is approved for installation in swimming pool 
walls. The forming shell must be equipped with 


threaded entries to connect rigid metal conduit, IMC 
of brass, or other suitable conduit. The conduit must 
extend from the shell to a junction box. The deck box 
under the diving board usually is used for this 
purpose. The deck box must be located at least 4’ 
from the inside walls of the pool and must be at least 
4” above the finished grade and 8” above the maxi- 
mum water level (Figure 13-9). 

When PVC is used to connect the shell to the junction 
box (deck box), a #8 solid or stranded insulated 
copper conductor must be run through the PVC and 
connected.to the forming shell. The termination of 
the #8 conductor must be potted to prevent corrosion. 

The cord end and terminals within the wet-niche 
fixture must be sealed to prevent the entry of water. 
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Figure 13-9. Location of deck box and installation requirements 
for wet-niche fixtures. 


Dry-niche Fixtures — 680-20(c). A dry-niche fix- 
ture may be installed instead of a wet-niche type. 
This type of lighting fixture is usually installed outside 
the walls of the pool in closed recesses which provide 
for drainage of water that might accumulate. A dry- 
niche fixture must be installed to meet the following 
requirements (Figure 13-10): 
e They must have adequate provision for drainage. 
e They must have an equipment grounding con- 
ductor for each conduit entry. 
e They must be wired with approved rigid metal 
conduit, IMC, or PVC conduit. 
No-niche Fixtures—680-20(d). No-niche fixtures can 
be installed instead of wet- or dry-niche fixtures. No- 
niche fixtures shall have no exposed metal parts, oper- 
ate at 15 V or less, contain impact-resistant, polymeric 
lens, and be of the listed type. 
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Figure 13-10. Location of flush deck box and installation require- 
ments for dry-niche fixtures. 


Junction Boxes for Underwater Fixtures — 
680-21. Junction boxes and enclosures must be in- 
stalled above grade and mounted in areas that will 
provide protection. They must not be mounted where 
persons could stumble or fall on them and receive 
bodily injury. 

Boxes and enclosures must be provided with at 
least one more grounding terminal than the number 
of conduits entering the box or enclosure. They must 
be connected by copper, brass, PVC, or other approved 
materials. 

Junction boxes and enclosures shall be installed at 
least 4” from the inside bottom of the box above grade 
level of the deck or 8” above maximum water level, 
whichever is greater. Junction boxes shall be at least 
4’.0” from the pool or be separated by a permanent 
barrier. 

The exception permits lighting fixtures supplied 
by a 15-volt or less system to be connected to a flush 
deck box, provided: 

e Threaded conduit entries are provided for each 

box or enclosure. 

e The box is filled with an approved potting 

compound. 

e The flush deck box is located not less than 4’ 

from the inside walls of the pool. 


Bonding — 680-22 


The bonding of all metal parts and grounding of the 
components keeps the interconnected system at the 
same potential. Stray currents moving toward the 
water, metal, and steel of the pool that are not cleared 
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by the overcurrent protection device are kept at earth 
potential (zero). This prevents electrical shock hazard 
to persons in the pool water or the area surrounding 
the pool. 

The equipment and parts of a swimming pool 
required to be bonded are (Figure 13-11): 

1. All fixed metal parts located within 5’ of the 
walls of the pool or be separated by a permanent 
barrier. 

2. All metal parts and reinforcing steel in the pool 
or deck. (All metal parts must be bonded together.) 

3. All forming shells housing wet-niche or dry- 
niche fixtures. 

4. All metal parts and fittings of pump motors, 
etc. 

5. All fixed metal parts, such as conduit, pipes, 
cables, equipment, etc., located within 5’-0” of the pool 
and not separated by a permanent barrier, and within 
12’-0” of the maximum water level. 

A #8 or larger solid copper conductor must be 
used to bond together all metal parts to the common 
bonding grid of the pool. The reinforcing bars in the 
pool, metal walls of the pool, or a conductor may be 
used to form the common grid system. 
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Figure 13-11. Swimming pool components must be properly 
bonded. 


Grounding — 680-24 


The prime reason for grounding metal parts is to 
bring all metal parts around the pool to ground 
potential and thus reduce the threat of shock hazard. 
The equipment that must be grounded includes the 
following (Figure 13-12). 

e Wet-niche lighting fixture. 

è Dry-niche lighting fixture. 

e All electrical equipment located within 5’ of the 

inside walls of the pool. 


e Junction boxes. 

e Transformer enclosures. 
e GFCI systems. 

e Panelboards. 
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Figure 13-12. Equipment around a swimming pool must be 
properly grounded. 


The equipment grounding conductor to ground the 
metal parts of equipment, junction boxes, etc., must 
be sized from Table 250-95, based on the rating of the 
overcurrent protection device protecting the circuit. 

Flexible cords used to ground wet-niche fixtures 
must be equipped with a #16 or larger insulated 
copper equipment grounding conductor connected 
to a terminal in the supply enclosure. 

Grounding of the junction box and wet-niche fix- 
tures must be accomplished by a#12 copper insulated 
equipment grounding conductor. The grounding con- 
ductor is sized according to the rating of the over- 
current protection device per Table 250-95. It must 
be smaller than #12 and must be unspliced. 

The grounding conductor must be installed and 
run with the circuit conductors in rigid metal conduit, 
IMC, or PVC conduit from the panelboard to the 
deck box (junction box). The main function of the 
#12 equipment grounding conductor is to clear the 
overcurrent protection device in case of a short circuit. 
The exception to 680-25(b)(1) permits conductors on 
or within buildings to be installed in EMT. 


Motors associated with the pool must be grounded 
by an equipment grounding conductor not smaller 
than #12 copper, sized from Table 250-95, and 
determined by the size circuit conductors supplying 
the motor. The equipment grounding conductor must 
be insulated copper. It is run in rigid metal conduit, 
IMC, or PVC to connect to the motor. 

Exception No. 1 of 680-25(c) permits conductors 
installed on or within buildings to be run in EMT. 
Exception No. 2 permits liquidtight flexible conduit 
to be used for connection of motors. 

Panelboards mounted remotely from the service 
equipment must have an equipment grounding con- 
ductor connected to the grounding terminal in the 
service equipment. The grounding conductor must 
be sized from Table 250-95, based on the size over- 
current protection device protecting the circuit. The 
grounding conductor must be of insulated copper. It 
shall be installed with the feeder circuits in rigid 
metal conduit, IMC, PVC conduit, or MC cable. 

Exception No. 1 to 680-25(d) permits an existing 
remote panelboard supplied from the service equip- 
ment to be connected by flexible metal conduit or a 
cable assembly. The cable assembly must have an 
insulated or covered equipment grounding conductor. 
Exception No. 2 permits conductors installed on the 
building or within the building to be run in EMT. 

Exception No. 5 to 680-25(c) permits a double- 
insulated, listed pump motor to be used without an 
equipment grounding conductor. This system, when 
used, shall be distinctively marked. 

All wiring used with storable pools must be GFCI- 
protected. A storable pool is considered to have a 
maximum height of 42” and a maximum outside 
dimension of 18” per 680-4. 


SPAS, HOT TUBS, AND 
HYDROMASSAGE — 680, Part D 


Because of the widespread use of spas, hot tubs, and 
hydromassage tubs, regulations have been developed 
to provide safe and reliable installations to protect 
the users. Spas and hot tubs with associated electrical 
components shall be protected by GFCI’s per 680-42. 
Outdoor Installations — 680-40 


A spa or hot tub installed outdoors must comply with 
the provisions of Article 680, Parts A and B, which 
apply to swimming pools and similar installations. 
Four exceptions are permitted for outdoor spas or hot 
tubs as follows: 

1. Metal bands or loops around the spa or hot tub 
used to secure wooden staves are exempt from 
680-22. 
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2. Approved packaged units may be connected by 
acord no longer than 15’ in length and protected by a 
GFCI circuit. 

3. Metal-to-metal bonding by the metal mounting 
of a frame or base of a spa or hot tub is permitted. 

4. A listed, packaged unit with a factory installed 
remote panelboard can be connected with a 3’ or less 
length of liquidtight flexible conduit. 


Indoor Installations — 680-41 


A spa or hot tub installed indoors must comply with 
specific requirements of bonding and grounding. A 
spaor hot tub must be located a certain distance from 
the wall switches, lighting fixtures, and receptacles. 
For maintenance and repair, approved packaged units 
rated at not more than 20 amps may be connected by 
a flexible cord. 


Receptacles—680-41(a). Spas or hot tubs must be 
located away from receptacles to ensure safety of the 
user. Receptacles must be installed at least 5’ from 
the inside walls of the spa or hot tub. Receptacles 
located 5’ to 10’ from the inside walls of the spa or 
hot tub shall be protected by a GFCI circuit and at 
least one receptacle outlet shall be provided in this 
area. Receptacles providing power to the spa or hot 
tub shall be GFCI-protected. The supply cord con- 
nected to the receptacle shall not pierce a floor, wall, 
ceiling, or any permanent barrier (Figure 13-13). 
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Figure 13-13. Location of receptacles around a spa or hot tub 
inside the house. 


Lighting Fixtures—680-41(b). Lighting fixtures 
and ceiling fans located over spas or hot tubs or 
within 5’ in all directions must have a clearance of 
7-6” above the maximum water level. The supplying 
circuit must be GFCI-protected. The exception per- 
mits lighting fixtures to be installed above the spa or 
hot tub if located at least 12’ above the maximum water 
level. GFCI protection of the supplying circuit is not 
required (Figure 13-14). Recessed and surface-mounted 
fixtures and ceiling fans can be hung over a spa or hot 
tub under certain conditions (Figure 13-15). 
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Figure 13-14. Location of hanging lighting fixtures around spas 
and hot tubs. 
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Figure 3-15. Location of recessed or surface-mounted fixtures over 
hot tubs or spas. 


Wall Switches—680-41(c). Wall switches must be 
located at least 5’ from the inside walls of the spa or 
hot tub in all directions (Figure 13-16). 


Bonding — 680-41(d). The following parts must be 
bonded together: 
e All metal fittings of the spa or hot tub. 
e All metal parts of electrical equipment associated 
with the spa or hot tub. 


e All metal conduit, piping, and metal surfaces 
located within 5’ of the inside walls of the spa or 
hot tub. 

The spa or hot tub is considered to be separated by a 
permanent barrier. 

Any of the following bonding methods may be used: 

e Interconnected threaded metal piping and fittings. 

e Metal-to-metal bonding on a common frame or 
base. 

e Size #8 or larger copper bonding jumper. (The 
bonding jumper may be insulated, covered, or 
bare wire.) 
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Figure 13-16. Location of wall switches around spas and hot tubs. 


Methods of Grounding — 680-41(g). Grounding 
may be accomplished according to Article 250. The 
equipment grounding conductor within a flexible 
cord must be connected to a fixed metal part of the 
assembly. 


Hydromassage Bathtubs— 
680-70 and 680-71 


The wiring methods for hydromassage bathtubs shall 
comply with chapters 1-4 of the NEC®. All com- 
ponents for hydromassage bathtubs shall be supplied 
by GFCI-protected circuits. Hydromassage bathtubs 
are treated in the same maner as conventional bath- 
tubs per 400-4(d). See Figure 3-17. 
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Figure 3-17. Requirements for installing hydr 
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Circle T (true) or F (false) for each statement. Enter the NEC section number that supports your answer in the 
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A hydromassage bath is equipped with a recirculating piping system, pump, 
and associated equipment. 


Receptacles around swimming pools must be located at least 5’ from the water’s 
edge where supplying water pump motors. 


Receptacles used to supply power for a recirculating pump motor may be 
installed within 5’ of the inside walls of the pool. 


All 120-volt, 15-amp or 20-amp receptacles located within 20’ of the inside 
walls of the pool must be GFCI-protected. 


Receptacles located behind walls with hinged or sliding doors can be located 
within 10’ of the pool. 


Existing lighting fixtures located less than 5’ horizontally and 5’ vertically 
above the maximum water level of the pool are permitted. 


Lighting fixtures located at least 12” above the maximum water level of an 
outdoor pool are permitted. 


Lighting fixtures and ceiling fans installed over indoor pools are permitted if 
located at least 8’ above the pool. 


Switching devices must be located at least 5’ from the inside walls of the pool. 


Overhead utility conductors must have a clearance of 18’ above the maximum 
water level when supplied by single-phase, 120/240-volt service. 


Overhead utility conductors must be at least 14’ above a diving board platform 
if the voltage is a 2,400/4,160-volt, four-wire supply. 


Underground wiring must be located at least 4’ from the inside walls of the pool 
(general rule). 


Lighting fixtures installed in the walls of pools must have the top of the lens 
at least 18” below the normal water level (general rule). 


Circuits supplying 120-volt lighting fixtures in the walis of the pool must be pro- 
tected by a GFCI circuit. 


When a wet-niche fixture is connected with PVC, a #10 grounding conductor 
must be pulled. 


Circuits supplying fixtures that operate on 15 volts or less do not require GFCI 
protection. 


Junction boxes (deck box) shall be installed at least 8” above the maximum water 
level of the pool, if this measurement provides the greater height. 


A flush deck may be used on systems of 24 volts or less if the box is at least 4’ 
from the water edge and filled with compound. 


Deck boxes must be located at least 3’ from the inside walls of the pool. 
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Design Problems 


Write the answer(s) to each question in the space provided below the question. Enter the NEC section 
number(s) that supports your answer(s) in the space provided at the left. 


Section 


1. What is the minimum height for utility lines crossing a pool? 


2. What is the minimum distance for an underwater lighting fixture measured from the 
normal water level (general rule)? 


3. What is the minimum distance a receptacle may be installed from the water’s edge of 
the pool (general rule)? 


4. Whatis the minimum distance a deck box may be installed from the water edge of the 
pool? 


5. What is the minimum distance a receptacle may be installed from the water edge to 
supply a recirculating pump? 


6. What is the maximum dimension for a pool to be considered a storable pool? 


7. What is the minimum size bonding jumper used to bond metal parts to common grid 
(pool steel)? 


DESIGN 
PROBLEMS 


pi AND TESTS 


This chapter presents typical problems encountered in designing 
electrical systems. Each part of each problem can be solved by 
referring to material in previous chapters of this text. Note in particular 
the step-by-step procedures shown in the illustrations. 

Problems covering single and multiple-family dwellings and indus- 
trialandcommerciallocations are stressed, as they are the ones most 
frequently encountered by designers. A comprehensive understanding 
of the NEC is required to size and select the correct electrical systems 
for these locations. 

The problems are divided into four major subject areas: 

e Motor Circuits and Components 

e Transformer Elements 

e Single and Multifamily Dwellings 

e Industrial and Commercial Locations 
In addition to problems, a test is provided for each subject area. The 
tests include objective questions and design problems related to that 
particular subject area. A final test of 105 questions and six problems 
concludes the chapter. 

Where necessary, solve the problems on a separate sheet ot paper. 
Record the answer(s) in the space(s) provided. 


PROBLEMS: MOTOR CIRCUITS AND COMPONENTS 


Enter the answer(s) to each problem and the NEC section number(s) that support your answer(s) in the 
space(s) provided. 


Problem 1: What size THW copper conductor is required to supply a three-phase, 230-volt, 35-horsepower 
motor with no code letter and full-voltage starting with a 40° C temperature rise? 


Section Answer 
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Problem 2: What size THW copper conductors are required for a feeder to supply a row of 25-amp, 35-amp, 
and 50-amp squirrel-cage induction motors? 


Section Answer 


Problem 3: What size overcurrent protection device (using the next size circuit breaker) is required to 
allow a 40-horsepower induction motor on a three-phase, 240-volt supply to start? 


Section Answer 


Problem 4: What size overcurrent protection device (using a TDF) is required for a feeder circuit having 
10-horsepower, 15-horsepower, and 50-horsepower induction motors, each with code letter F and full-voltage 
starting on a three-phase, 208-volt supply? 


Section Answer 


Probiem 5: Forathree-phase, 230-volt, 40-horsepower squirrel-cage motor with code letter C anda40° Crise 
continuous rating with full-voltage starting, find the size of the following: 


Section Answer 
5-1. THW copper branch-circuit conductors. 
5-2. Raceway. 
5-3. Motors running overcurrent protection. 


5-4. Branch-circuit overcurrent protection using time-delay 
fuses. 


5-5. _Locked-rotor current. 


Problem 6: A three-phase, 460-volt, 30-horsepower squirrel-cage motor with code letter E and a 40°C rise con- 
tinuous rating is being connected. A tap will be made off a 250 kcmil THW feeder and run 25’ to the rated discon- 
nect of the motor. What is the minimum size THW copper conductor that may be installed between the feeder 
tap and the disconnect? 


Section Answer 


Problem 7: A branch circuit has a three-phase, 240-volt, 100-horsepower wound-rotor motor with code letter 


A and a 40° C rise continuous rating. The secondary voltage is 240 volts, and the secondary current is 120 
amps. Find the size of the following: 


Section Answer 
7-1. Motor branch-circuit conductors. 
7-2. Motor-rated disconnect switch in horsepower. 
7-3. Starter in horsepower. 
7-4. Raceway. 
7-5. Secondary conductors. 
7-6. Secondary raceway. 


7-7. ` Equipment grounding conductor (based on TDF). 
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Problem 8: The following three-phase, 230-volt motors are connected to the same feeder: 

e A7'£-horsepower squirrel-cage motor with code letter G and a 40° rise with continuous rating. 

e A15-horsepower squirrel-cage motor with code letter D and a 40° C with continuous rating. 

e A25-horsepower wound-rotor motor with code letter A and a 1.15 service factor with continuous rating. 
Find the size of the following using the next size OCPD. 


Section Answer 
8-1. 
8-2. 
8-3. 
8-4. 
8-5. 


Feeder conductors. 

One-time fuse protection for feeders. 

Branch-circuit conductors to each motor. 

One-time fuse protection for each motor branch-circuit. 


Running overcurrent protection for each motor. 


Problem 9: A7.5-kVA capacitor is connected to a three-phase, 460-volt, 50-horsepower squirrel-cage motor 
with code letter F and a 40° rise continuous rating. What size conductor is required to feed the capacitor? 


Section Answer 


Problem 10: A feeder will supply five three-phase, 460-volt squirrel-cage motors with full-voltage starting, 
code letter G, and a 1.15 service factor. The motors are rated at 75, 60, 20, 15, and 10 horsepower. The 75- 
horsepower motor pulls 80 amps of actual working current. Find the size of the following: 


Section Answer 


Overcurrent protection device for the 75-horsepower 
motor using a time-delay fuse. 


Overcurrent protection device for the 60-horsepower 
motor using a nontime-delay fuse. 


Overcurrent protection device for the 20-horsepower 
motor using a regular circuit breaker. 


Overcurrent protection device for the 15-horsepower 
motor using an instantaneous trip breaker. 


Overcurrent protection device for the 10-horsepower 
motor using a time-delay fuse. 


Overloads for the 75-horsepower motor. 


Conductors to feed each motor from the gutter to each 
disconnect. 


Conduit for each motor from the gutter to each disconnect. 
Conductors for the feeder. 

Conduit for the feeder. 

Main circuit breaker for the feeder. 


Gutter. 
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Problem 11: Athree-phase, 480-volt, 40-horsepower squirrel-cage motor with code letter Banda 50° Criseis 


to be wired. Find the size of the following: 


Section Answer 
1 d= ok 
We 22. 
ue Sh 
11- 4. 
11- 5. 
is 6.: 


Disconnect (non fusable). 
Time-delay fuse. 
Branch-circuit conductors. 
Conduit. 

Controller in horsepower. 


Overloads. 


Problem 12: Athree-phase, 230-volt, 25-horsepower squirrel-cage motor with code letter A and a 1.0 service 


factor is to be wired. Find the size of the following: 


N22 
(2e 2. 
Mes. 3. 
12- 4. 
12- © 
1226: 


Branch-circuit conductors. 
Conduit. 

Circuit breaker(s). 
Overloads. 

Controller in horsepower. 


Locked-rotor current of motor. 
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TEST: MOTOR CIRCUITS AND COMPONENTS 


Name Date 


Enter the answer(s) to each question and the NEC section number(s) that supports your answer(s) in the 
spaces provided. 


Section Answer 


1. Circuit conductors supplying a single motor must have a 
current-carrying capacity of % of the full-load current 
of the motor. 


2. The conductors used to supply the feeder for two or more 
motors must be at least % of the largest motor plus the 
sum of the full-load currents of all the remaining motors of 
the group. 


3. Control-circuit conductors #14 and larger which extend 
beyond the control equipment enclosure (are or are 
not) protected when fused at 400% of their ampacity. 

4. Motors marked with a temperature rise not over 40° C shall 


have running protection set at not more than___ % of the 
nameplate full-load current rating. 


5. For motors marked with a service factor not less than 1.15, 
_____—-% of the full-load current of the motor must be used to 
size the overload protection device. 


6. For all motors not marked with a temperature rise or service 
factor, _____% must be used to size the overload protection 
device. 


7. Control conductors that are installed to remote start-and- 
stop stations may be protected by a device set at % of 
the conductors ampacity rating. 


8. Control conductors (inside a starter enclosure) that run to 
the start-and-stop station on the cover of the enclosure can 
be protected at times the control conductors ampacity. 


9. List (in any order) four methods of starting a motor. 
9-1. First method. 


9-2. Second method. 
9-3. Third method. 
9-4. Fourth method. 
10. List the percentage of the device used to protect a three- 
phase, 25-horsepower squirrel-cage motor with full-voltage 


starting and no code letter under each of the following 
conditions: 


10-1. Using a nontime-delay fuse. 
10-2. Using a time-delay fuse. 
10-3. Using a circuit breaker. 


10-4. Using an instantaneous trip breaker. 
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Design Problems for Test 


Problem 1: A575-volt, 60-horsepower squirrel-cage motor with code letter F and a 40° C rise is to be wired. 
Find the size of the following: 


Section Answer 
1-1. Conductors. 
1-2. Fuse(s) (NTD). 
1-3. Disconnect in horsepower and amps. 
1-4. Magnetic starter in horsepower and amps. 
1-5. Overloads. 


1-6. Conduit. 


Problem 2: Find the size of the following: 
2-1. Branch-circuit conductors. 
2-2. Branch-circuit conduit. 
2-3. Feeder conductors. 
2-4. Feeder conduit. 
2-5. Branch-circuit protection. 
2-6. Feeder protection (use next size OCPD). 
2-7. Motor overloads. 


2-8. Motor controller in horsepower. 


POWER 
SOURCE 


THW COPPER FEEDER 
CONDUCTORS IN EMT 


GUTTER 


BRANCH-CIRCUIT 


CONDUCTORS 
DISCONNECTS 


W/TIME-DELAY FUSES MOTORS 3PH, 460 V, 


CODE LETTER F, 40°C 
RISE 
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PROBLEMS: TRANSFORMER ELEMENTS 


Enter the answer(s) to each problem and the NEC section number(s) that support your answer(s) in the 
space(s) provided. 


Problem 1: What size conductors are required for a30-kVA, 480-volt, two-wire primary supplying a load that is 
used eight hours per day? 


Section Answer 


Problem 2: A 15-kVA transformer is used to step down a three-phase, 480-volt service to a single-phase, 
120/240-volt, three-wire service with a 50-amp continuous load. Find the size of the following: 


POWER 
SOURCE LIGHTING AND 
APPLIANCE PANEL 


25' m 
MAIN MAXIMUM 


PRIMARY 


120/240 V 


TRANSFORMER SECONDARY 


Section Answer 


2-1. Overcurrent protection device required for the primary. 


Zao Overcurrent protection device required for the lighting 
and appliance panelboard. (Based on load.) 


2-3. Conductors required to supply the lighting panel. 
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Problem 3: A 100-kVA subfed transformer is protected by a time-delay fuse from the main service. The 
transformer is used to step down delta-connected, three-phase, 480-volt service to a 120/208-volt, four-wire 
secondary feeding a 200-amp continuous-duty load. The overcurrent protection device is within 25’ of the 
transformers secondary. What is the size of the following: 


Section Answer 
3- 1. Full-load current rating of the primary. 
2 Full-load current rating of the secondary. 
3- 3. Overcurrent protection device for primary. 
4 


Overcurrent protection device for secondary. 
(Based on load.) 


5 Conductors for primary (using copper). 

6. Conductors for primary (using aluminum). 
3- 7. Conductors for secondary (using copper). 

8. Conductors for secondary (using aluminum). 
3- 9. Bonding jumper (using copper). 
3-10. Grounding electrode conductor (using copper). 


3-11. Grounding electrode conductor (using aluminum). 


Design Problems and Tests 327 


TEST: TRANSFORMER ELEMENTS 


Name Date 


Enter the answer(s) to each question and the NEC section number(s) that support your answer(s) inthe spaces 
provided. 


Section Answer 


1. When the primary current of a transformer rated at 600 volts 
or less is amps or more and a 125% factor does not 
correspond to a standard size device, the next higher 
standard rating may be used. 


2. Whenthe primary current of a transformer rated at 600 volts 
or less is less than 9 amps but more than 2 amps, an over- 
current protection device must not be sized at more than 

% of the primary current. 


3. Whenthe primary current of a transformer rated at 600 volts 
or less is less than amps, the overcurrent protection 
device must not exceed 300% of the primary current. 


4. When the primary side of a transformer rated at over 600 
volts is individually protected by a circuit breaker, the setting 
must not exceed % of the primary current. 


5. When overcurrent protection is provided on the primary and 
secondary sides of transformers rated at over 600 volts, the 
percentage is determined by the____ of the transformer. 


6. Transformers rated at 600 volts or less, and at kVA or 
less, may be installed in the fire-resistant hollow spaces of 
buildings. 


7. Atwo-wire primary must not the secondary of a trans- 
former having a three-wire or four-wire hookup. 


8. The primary of atwo-wire transformer rated 9 amps, or more, 
must be protected at % of the transformers full-load 
current rating. 


9. Conductors supplying a transformer are calculated at % 
for continuous loads, and at % for noncontinuous loads 
to protect transformer windings from overload. 

10. The size of a transformer is determined by the it 
serves. 


Transformers with a primary full-load current rating of less than 
2 amps must not exceed % where used for control 
circuits. 


Design Problems for Test 


Problem 1. What size overcurrent protection device is required for the primary of a40-kVA transformer served 
by a three-phase, 480-volt supply? 


Section Answer 
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250A 
# 4/0 THW 
COPPER FEEDER 


480 V, 2W 
PRIMARY 


40 KVA 
TRANSFORMER 


120/240 V, 3W 
SECONDARY 


LIGHTING PANEL 
W/125 A CONTINUOUS 
LOAD 


Problem 2. Find the size of the following, using the 25’ tap rule for primary and secondary: 


Section 


Answer 


2-1. THW copper conductors for primary tap. 

2-2. THW copper conductors for secondary tap. 

2-3. Main for lighting panel (based on the secondary load). 
2-4. Grounding electrode conductor. 

2-5. Panel (based on the secondary load). 

2-6. EMT raceway for primary tap. 


2-7. EMT raceway for secondary tap. 
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PROBLEMS: SINGLE AND MULTIFAMILY DWELLINGS 


Enter the answer(s) to each problem and the NEC section number(s) that support your answer(s) inthe spaces 
provided. 


Problem 1: A single-phase, 120/240-volt system supplies the general lighting load for a3,200 sa. ft. house. 
How many 20-amp, two-wire circuits are required? 
Section Answer 


Problem 2: What size THW copper branch-circuit conductors are required to supply a 30-kVA, single-phase, 
240-voit heating unit with a 3-amp blower motor? 


Section Answer 


Problem 3: What size XHHW aluminum conductors are required to supply a 10.5-kVA range? 
Section Answer 


Problem 4: What size THWN copper conductors are required to supply an 8-kVA cooktop and a 10-kVA 
oven? 


Section Answer 


Problem 5: What size THW copper conductors are required to supply a 42-amp central air conditioning 
unit? 


Section Answer 


Problem 6: What is the size of the general lighting load for a 3,600 sq. ft. house? 
Section Answer 


Problem 7: What size circuit conductors are required for a 1,200-volt-amp disposal in a dwelling unit with a single- 
phase, 120/240-volt service? The disposal is cord- and plug-connected. 


Section Answer 


Problem 8: What size nonmetallic sheath cable is required to supply a 5,600-volt-amp dryer in a dwelling unit 
with a single-phase, 115/230-volt service? 


Section Answer 


Problem 9: What size THHN aluminum conductors are required to supply a 6,500-volt-amp water heater ina 
dwelling unit served by a single-phase, 120/240-volt service? 


Section Answer 


330 DESIGNING ELECTRICAL SYSTEMS 


Problem 10: A 16-unit apartment complex has a 150,000-volt-amp total connected load on a single-phase, 
120/240-volt service. What is the reduction in load for the service conductors? 


Section Answer 


Problem 11: A 2,400 sq. ft. house with gas heat has the following loads on a single-phase, 120/240-volt 
service: 


11-kVA range, 240 volts 

5-kVA dryer, 240 volts 

1,600-VA dishwasher, 120 volts 
6,500-VA water heater, 240 volts 
980-VA disposal, 120 voits 

850-VA compactor, 120 volts 

6-kVA air conditioning unit, 240 volts 
480-VA blower motor, 240 volts 


Find the size of the following using the optional calculation. Do not apply Note 3 of Notes to Ampacity 
Tables of 0 to 2000 Volts. 


Section Answer 


Phases A and B. 
Neutral. 
Main. 


Panel. 


Problem 12: A 3,800 sq. ft. house has the following loads on a single-phase, 120/240-volt service: 


12-kVA range, 240 volts 

6-kKVA dryer, 240 volts 

6,900-VA water heater, 240 volts 
25-kVA heating unit, 240 volts 
6-kVA air conditioner, 240 volts 


Find the size of the following: 


Section Answer 


Vai; 
Nase. 
12-3. 
12-4. 
12-95; 


Find the number of the following: 


12-6. 


THW copper conductors for range. 

THW copper conductors for heating unit. 
THW copper conductors for Phases A and B. 
THW copper conductors for the neutral. 


Grounding electrode conductor. 


Branch circuits for general lighting and receptacle loads 
(using 15-amp circuit breakers). 
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Problem 13: A 2,800 sq. ft. house has the following loads on a single-phase, 115/230-volt service: 


5-kVA cooktop, 230 volts 

Two 4-kVA ovens, 230 volts 

4,500-VA dryer, 230 volts 
4-horsepower disposal, 115 volts 
1,200-VA dishwasher, 115 volts 

Three 9-KVA space heaters, 230 volts 
15-A air conditioning unit, 230 volts 


Find the size of the following, using the standard calculation: 


Section Answer 


13-1. Phases A and B. 


13-2. Neutral. 
13-3. Main. 
13-4. Panel. 


Find the number of the following: 


13-5. Branch circuits for general lighting and receptacle loads 
(using 15-amp circuit breakers). 


Find the size of the following using the optional calculation: 


13-6. Phases A and B. 


13-7. Neutral. 
13-8. Main. 
13-9. Panel. 


Find the number of the following: 


13-10. Branch circuits for general lighting and receptacle loads 
(using 15-amp circuit breakers). 
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Problem 14: A 35’-6” x 41’-6” dwelling unit is supplied by a single-phase, 120/240-volt service. The dwelling 
has the following loads: 

e 12-kVA range, 240 volts 
2.5-kVA water heater, 240 volts 
21-amp air conditioning unit, 240 volts 
20-kVA heating unit, 240 volts 
1,600-VA blower motor, 240 volts 
5-kVA dryer, 240 volts 
1,800-VA dishwasher, 120 volts 
1,500-VA disposal, 120 volts 
900-VA compactor, 120 volts 
700-VA water pump, 120 volts 


Find the size of the following: 


Section Answer 


14-1. Phases A and B (THW copper). 
14-2. Neutral (THW copper). 

14-3. Main. 

14-4. Panel. 


Find the number of the following: 


14-5. 15-amp circuit breakers for general lighting. 
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Problem 15: A 3,600 sq. ft. house has the following loads: 
e 14-kVA range, 240 volts 
e 35-kKVA heating unit, 240 volts 
e 40-amp air conditioning unit, 240 volts 
ə 10-kVA water heater 


Find the size or number of the following (numbers are keyed to illustration): 


Section Answer 
15- 1. Size of THW service-entrance conductors. 
Size of service raceway. 
Size of single-phase, 120/240-volt panel. 
Number of 15-amp circuit breakers for general lighting. 


. Size of circuit breaker for range. 


2 
3 
4 
5 
15- 6. Size of circuit breaker for heating unit. 
7. Size of circuit breaker for air conditioning unit. 
8. Size of circuit breaker for water heater. 
9. Size of grounding electrode conductor. 
(0) 


Number of 20-amp circuit breakers for small appliance 
and laundry circuits. 


15-11. Size of main circuit breaker. 
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Problem 16: A 12-unit apartment complex has 950 sq. ft. of living area per apartment. Each apartment has a 
12-kVA range and a 5,000-VA dryer. The apartment complex has a single-phase, 120/240-volt service. Find 
the size of the following, using the standard calculation (and using THW aluminum conductors): 


Section Answer 
16-1. Phases A and B. 
16-2. Neutral. 
Find the size of the following, using the optional calculation (and using THW aluminum conductors): 
16-3. Phases A and B. 
16-4. Neutral. 


Design Problems and Tests 335 


TEST: SINGLE AND MULTIFAMILY DWELLINGS 


Name Date 


Enter the answer(s) to each problem and the NEC section number(s) that support your answer(s) in the spaces 
provided. 


Section Answer 


1. ___svolt-amps per square foot times the floor area of the 
house includes the general lighting load and the general 
receptacle load. 

2. General-purpose receptacles must be figured at volt- 

amps, except for dwellings. 


3. Branch-circuit conductors for a heating unit must be figured 
at % of the heating elements and blower motor. 


4. Adryer must be figured at volt-amps or the nameplate 


rating, whichever is larger. 


5. Ademand factor from Columns A, B, or C of Table may 
be applied for ranges according to the kilowatt rating per 
unit. 


% for feeder or service- 


6. Heating must be figured at 
entrance conductors. 


7. Branch-circuit conductors for an air conditioner must be 
figured at % of the compressor's full-load current rating. 


8. Three 20-amp branch-circuits required to supply the small 
appliance load and laundry load of a dwelling are computed 
at volt-amps each. 


, and 


’ 


9. Examples of special appliance loads are 
—— loads. 


10. The optional calculation permits a reduction in load for ser- 
vice conductors per Table_—_——— for multifamily dwellings. 


336 DESIGNING ELECTRICAL SYSTEMS 
Design Problems for Test 


Problem 1: A 2,750 sq. ft. dwelling unit is supplied by a single-phase, 120/240-volt service and has the 
following loads: 

e 14-kKVA range, 240 volts 
8-kVA dryer, 240 volts 
7,500-VA water heater, 240 volts 
1,800-VA dishwasher, 120 volts 
1,200-VA compactor, 120 volts 
1,000-VA disposal, 120 volts 
400-VA vent fan, 120 volts 
25-kVA heating unit, 240 volts 
9-kVA air conditioner, 240 volts 


Find the size of the following: 


Section Answer 


— a 
1 
— 


Range branch-circuit conductors. 


— 
' 


Dryer branch-circuit conductors. 


— 
' 


Water heater branch-circuit conductors. 


—_ 
' 


Heating unit branch-circuit conductors. 


— 
' 


Vent fan branch-circuit conductors. 


Phases A and B. 


— 
' 


Neutral. 


— 
‘ 


Grounding electrode conductor. 


—_ 
‘ 


Lighting and appliance panelboard. 


h 
‘ 
O O © Xy OUO RAON 


— 
1 
ooh 


Main breaker. 
Find the number of the following: 


1-11.  15-amp, two-wire general lighting circuits. 


Problem 2: A 2,316 sq. ft. single-family dwelling is supplied by a single-phase, 120/240-volt service and has 
the following loads: 
e Four small appliance circuits, 120 volts. 
17-kVA range, 240 volts. 
Domestic dryer, 240 volts. 
10-kVA heating unit, 240 volts. 
1,500-VA dishwasher, 120 volts. 
Two 7.5-kVA water heaters, 240 volts. 
1,200-VA disposal, 120 volts. 
12.5-kVA air conditioner, 240 volts. 


Find the size of the following: 


Section Answer 
rede Service-entrance conductors. 
aoe Service-entrance raceway. 
2-3. Heating unit branch-circuit conductors. 


2-4. Air conditioner branch-circuit conductors. 


Design Problems and Tests 337 


Problem 3: A 14-unit apartment complex is supplied by a three-phase, 120/208-voit service. A three-phase, 26-kVA, 
208-volt air conditioner and gas heat with a three-phase, 12-amp blower motor serve all apartments. Each apart- 
ment contains 936 sq. ft. of living area and has the following loads: 

e 9-kVA range, 208 volts 

ə 800-VA disposal, 120 volts 

e 1,600-VA dishwasher, 120 volts 


Find the size of the following: 


Section Answer 
3-1. Feeder conductors for each apartment (XHHW copper). 
3-2. Service-entrance conductors (THWN aluminum). 
3-3. Air conditioner branch-circuit conductors. 
3-4. Air conditioner overcurrent protection device. 
Find the number of the following: 
3-5. 15-amp, two-wire general lighting circuits for each 
apartment. 


Problem 4: A 15-unit townhouse is supplied by a 120/240-volt service. Each unit contains 1,000 sq. ft. of living 
area and has the following loads: 
e 10-kVA range, 240 volts 
10-amp disposal, 120 volts 
15-amp dishwasher, 120 volts 
Washing machine, 120 volts 
Dryer, 240 volts 
23-amp air conditioner, 240 volts 
Largest motor: 11⁄2 horsepower, 240 volts 
20-kVA heater, 240 volts 


Find the size of the following: 


Section Answer 
4-1. Service-entrance conductors (THW copper, parallel six 
times). 
4-2. Service-entrance conduit. 


4-3. Distribution switchboard. 


4-4. Grounding electrode conductor. 
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PROBLEMS: INDUSTRIAL AND COMMERCIAL LOCATIONS 


Enter the answer(s) to each problem and the NEC section number(s) that support your answer(s) in the spaces 
provided. 


Problem 1: What size auxiliary gutter is required to contain six #1/0 THW, four #1 THW, three #2 THW, and three 
250 kcmil THW copper conductors? 


Section Answer 


Problem 2: What size junction box is required for a straight pull using a 4”, 3”, 2”, and 1” conduit on each wall? 


Section Answer 


Problem 3: What size junction box is required for an angle pull using a 3”, 21”, 2”, and 112” conduit onthe side 
and bottom wall of the box? 


Section Answer 


Problem 4: What is the amperage for the secondary of a three-phase, 80-kVA, 120/208-volt, four-wire 
transformer? 


Section Answer 


Problem 5: A 3,000 sq. ft. commercial store building has eighty duplex receptacles, 25 linear feet of show win- 
dow space, and one 1,200-volt-amp sign. The building is supplied by a single-phase, 120/240-volt, grounded open- 
delta system. Find the size of the following: 


Section Answer 
ale Service-entrance conductors. 
5-2. Service-entrance raceway. 
Find the number of the following: 
5-35 15-amp, three-wire, general lighting circuits. 
5-4. 15-amp, three-wire, receptacle circuits. 


SHS), 15-amp, three-wire show window circuits. 
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Problem 6: A 30’ x 80’ commercial store building is supplied by a single-phase, 120/240-volt, delta-connected 
system. All motors are single-phase, 240-volt motors with code letter G and a 40° C rise continuous rating. All 
branch-circuit conductors are rated at 15 amps. The store has the following loads: 

e 25 linear feet of show window 

e 10-kVA commercial water heater 

e 100 duplex receptacles 

e 10-ton air conditioner with one 10-horsepower, squirrel-cage motor and one 34-horsepower, condenser 

fan motor 
e 25-kVA heating unit with one Ys-horsepower, 240-volt air handler motor 


Find the number of the following: 
Section Answer 
6-1. General lighting circuits (using 20-amp circuit breakers). 


6-2. Special lighting circuits. 


6-3. Receptacle circuits. 
Find the number of the following: 
6-4. Air conditioner feeder conductors. 
6-5. Service-entrance conductors. 
6-6. Service raceway. 


Problem 7: A 50’ x 50’ store building with 40’ of show window and sixty-six duplex receptacles is supplied by a 
120/208-volt system. Circuit breakers of 20-amps each are used for general lighting, receptacle, and show 
window loads. Find the number of the following: 
Section Answer 

Halle General lighting branch circuits. 

7-2. General receptacle branch circuits. 
Find the size of the following: 

7-3. Phases A, B, and C. 

7-4. Neutral. 


TS. Grounding electrode conductor. 


Problem 8: An auxiliary gutter contains the following conductors: 
e Nine #4/0 THHN 
e Three #2/0 THW 
e Three #1 XHHW 
e Fifteen #12 THHN 


What is the minimum size of this gutter? 


Section Answer 
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Problem 9: A feeder circuit supplies a 120/240-volt, four-wire system with the following continuous-duty 
loads: 

e Single-phase, 82-amp load 

e Three-phase, 55-amp load 

e Neutral, 50-amp load 


Find the size of the following: 
Section Answer 


9-1. Phases A and C (Based on OCPD). 
9-2. Phase B (Based on OCPD). 


9-3. Neutral. 
9-4. Junction box for a straight pull in the conduit run. 
9-5. Junction box for an angle pull in the conduit run. 


Problem 10: Three #14 control conductors, three #8 motor branch-circuit conductors, and six #12 general lighting 
conductors are run in the same raceway. All conductors are THHN. Find the size of the EMT. 


Section Answer 


Problem 11: A 1,500 sq. ft. restaurant supplied by a three-phase, 120/240-volt service, has the following 
loads: 

e Twenty-five duplex receptacles 

e 90-kVA kitchen loads (twelve three-phase, 240-volt appliances used at varying intervals) 

e 25-amp air conditioner, three-phase 

e 7'f-horsepower fan, three-phase 

e 40-amp miscellaneous loads, single-phase 


Find the size of the following (use standard method): 
Section Answer 


11-1. Service conductors (THW copper). 
11-2. Overcurrent protection device (nontime-delay fuses). 


11-3. Grounding electrode conductor. 


Problem 12: A 300,000 sq. ft. school building is supplied by a three-phase, 277/480-volt service. The school 
has the following loads: 

e 150-kVA cooking equipment 

e 400-kVA heating equipment 

e 250-kVA air conditioning equipment 

e 175-kVA miscellaneous loads 

e 400-kVA power loads 


Using the optional calculation, find the service load rating. 
Section Answer 


Problem 13: A 200-unit motel is supplied by a single-phase, 120/240-volt service. Each unit contains 260 sq. 
ft. Find the size of the general lighting load. 


Section Answer 
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Problem 14: A 120’ x 120’ office building is supplied by a three-phase, 277/480-volt service. The office build- 
ing has the following loads (general lighting load is 120 volt): 
e One hundred duplex receptacles, 120 volts, single phase 
One hundred 100-VA lamps for outside lighting, 120 volts, single phase 
30-kVA water heater, 480 volts, three phase 
45-kVA heating unit, 480 volts, three phase 
10-horsepower, air handler motor, 480 volts, three phase 
30-kVA air conditioner, 480 volts, three phase 
5-horsepower pump motor, 208 volts, three phase 
50-amp computer load, 208 volts, three phase 
20-horsepower motor, 480 volts, three phase 
30-kVA miscellaneous loads, 120 volts, single phase 


Find the size of the following: 


Section Answer 
14-1. | Service-entrance conductors (THW copper). 


14-2. Step-down transformer for three-phase, 120/208-volt 
ioads. 


14-3. Overcurrent protection device for transformer primary. 
14-4. Panel for three-phase 120/208-volt loads. 

14-5. Service conduit. 

14-6. Overcurrent protection device for air conditioner. 
14-7. Grounding electrode conductor for service. 


14-8. Grounding electrode conductor for subfed transformer. 
(Use OCPD rating to size conductors). 


Problem 15: A 40’ x 90’ commercial store building is supplied by a three-phase, 120/208-volt, four-wire 
service. The store has the following loads: 

e 50’ show window 

e Sixty-five duplex receptacles 

e 35-kVA heating unit, 208 volts, three phase 

e 50-horsepower, squirrel-cage induction motor with fuil-voltage starting, three-phase, and 40° C rise 
Find the size of the following: 


Section Answer 
15-1. Boxfortwelve #10 andten #12 THW copper conductors. 
15-2. Box for four #8 RH copper conductors. 


15-3. Boxfor four #12 THW copper conductors with one fixture 
stud and three equipment grounding conductors. 


15-4. Box for two #12 THW copper conductors with three 
equipment grounding conductors and one duplex plug. 


15-5. Auxiliary gutter forfour disconnects with four #6, four #1, 
six #2, andtwo #3 THW copper conductors. All conductors 
pass straight to disconnect or pass through gutter without 
splices. 

15-6. Phases A, B, and C (THW copper conductors). 


15-7. Neutral (THW copper conductors). 
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Problem 16: A hospital is supplied by a three-phase, 277/480-volt service. The hospital has the following 
loads: 

e 150-kVA general lighting load 

e 200-kVA life safety and critical branch load 

e 50-kVA air conditioner, 480 volts, three phase 

e 100-kVA power loads, 480 volts, three phase 
Find the size of the service-entrance conductors. 


Section Answer 
TO SERVICE 
FEEDER #1 
480 V, 3PH 
MAIN PANEL 
FEEDER #4 
A FEEDER H6 
SPARES 
480 V, 3PH, FEEDER #5 
480 V, 3PH 4W PANEL WITH 
PRIMARY 45 KVA CONTINUOUS 
LIGHTING LOAD 
(USE 30 A CB'S 
FOR LIGHTING 
CIRCUITS) 
GUTTER 
120/208 V, 3PH 
SECONDARY aaa ae 
DISCONNECT 
PANEL E E w 
(USE 20 A CB’S) 
CONTROLLER DISCONNECT 
N NOTE: ALL MOTORS ARE 
480 V, 3PH, SQUIRREL CAGE 
5 Bg |_| woucrion rype WITH FULL 
VOLTAGE STARTING, 40°C 
MAGNETIC RISE AND NO CODE LETTER. 
STARTER 
CONTROLLER 
75 DUPLEX Q © © 
RECEPTACLES = = po 
e G NONCONTINUOUS 30 HP 40 HP 20 HP 
LOAD 


60 — 1.5 A FLUORESCENT FIXTURES 
WITH BALLASTS — CONTINUOUS LOAD 


Problem 17: A small commercial building has loads as shown. Find the following: 
Section Answer FEEDER #1: 


17- 1. Number of branch circuits for lighting load. 
17- 2. Number of branch circuits for receptacle load. 


17- 3. Size of secondary conductors feeding panel from trans- 
former’s secondary. 


17- 4. Size of panel. 

17- 5. Size of main. 

17- 6. Size of transformer. 

17- 7. Size of circuit breaker protecting transformer's primary. 
17- 8. Size of conductors for transformer’s primary. 


Ie Y 


IGO: 
WE 
T72: 
TES: 
17-14. 
WENS: 
Urle: 


7a: 
eG: 


liver 


c20; 


TTEA 


I-22: 
17-23. 
17-24. 
125: 
17226. 
E2: 
fees. 
M7229, 
17-30. 
UE 


17-927 
17-33. 
17-34. 
I 35: 
i367 
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Size of conduit for transformers primary. 
FEEDER #4: 

Size of conductors supplying motor. 
Size of conduit. 

Size of disconnect in horsepower and amps. 
Size of controller in horsepower. 

Size of circuit breaker protecting circuit. 
Size of time-delay fuse for disconnect. 
Size of overloads for magnetic starter. 
FEEDER #5: 

Size of circuit breaker protecting circuit. 


Size of disconnect for 30-horsepower motor in horsepower 
and amps. 


Size of disconnect for 40-horsepower motor in horsepower 
and amps. 


Size of time-delay fuse for disconnect for 30-horsepower 
motor. 


Size of time-delay fuse for disconnect for 40-horsepower 
motor. 


Size of controller for 30-horsepower motor. 

Size of controller for 30-horsepower motor in horsepower. 
Size of controller for 40-horsepower motor in horsepower. 
Size of overloads for 40-horsepower motor. 

Size of conductors for 30-horsepower motor. 

Size of conductors for 40-horsepower motor. 

Size of conduit for 30-horsepower motor. 

Size of conduit for 40-horsepower motor. 

Size of feeder conductors. 

Size of feeder conduit. 

FEEDER #6: 

Size of circuit breaker protecting circuit. 

Size of feeder conductors. 

Size of feeder conduit. 

Size of panel. 


Number of branch circuits. 
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Problem 18: A five-story commercial office building is supplied by a three-phase, 120/208-volt service. The 
main service panel is located in the basement, and a panelboard with a main is located on each floor to feed 
services for that floor. The loads on each floor are as follows: 

First Floor (3,300 sq. ft. office space): 


S 


(0) 


SFeeseoeoeoved 


T 


F 


ecoeevevevelD eee ee © o 


Fifty duplex receptacles 

Three-phase, 45-amp, 208-volt air conditioner on roof 
Thirty floor plugs (continuous duty) 

20-amp, 120-volt copying machine (noncontinuous duty) 
Two clock outlets 

Three-phase, 208-volt, *4-horsepower air handler motor 


cond Floor (3,600 sq. ft. office space): 


Sixty duplex receptacles 

Three-phase, 55-amp, 208-volt air conditioner on roof 
Forty floor plugs (continuous duty) 

20-amp, 120-volt copying machine (noncontinuous duty) 
Single-phase, 120-volt, %2-horsepower soft drink machine 
Three-phase, 208-volt, 1-horsepower air handler motor 
One clock outlet 

15-amp, 120-volt water fountain 


ird Floor (3,200 sq. ft. office space): 


Forty-eight duplex receptacles 

Three-phase, 40-amp, 208-volt air conditioner on roof 
Twenty-eight floor plugs (continuous duty) 

15-amp, 120-volt copying machine (noncontinuous duty) 
Three clock outlets 

15-amp, 120-volt water fountain 

Three-phase, 208-volt, 34-horsepower air handler motor 


urth Floor (3,300 sq. ft. office space): 


Fifty-two duplex receptacles 
Three-phase, 42-amp, 208-volt air conditioner on roof 
Thirty-five floor plugs (continuous duty) 
Three 15-amp, 120-volt copying machines (noncontinuous duty) 
Two clock outlets 
15-amp, 120-volt water fountain 
350 sq. ft. snack bar with: 
15-amp, 120-volt coffee urn 
15-amp, 120-volt microwave oven 
Three-phase, 7-kVA, 208-volt cooktop 
Single-phase, 15-amp, 120-volt soft drink machine 


Fifth Floor (2,800 sq. ft. office space): 


Thirty-five duplex receptacles 

Three-phase, 40-amp, 208-volt air conditioner on roof 
Thirty-two floor plugs (continuous duty) 

15-amp, 120-volt copying machine (noncontinuous duty) 
Two clock outlets 

12-amp, 120-volt water fountain 

Three-phase, 208-volt, 34-horsepower air handler motor 


Find the following for each floor: 


Size of feeder conductor from basement: 


Section Answer 


18- 1. First Floor. 


Vo 2. Second Fact. 
18- 3. Third Floor. 
18- 4. Fourth Floor. 
18- 5. Fifth Floor. 


Size of conduit for feeder conductors: 


Size of panelboard: 


Size of panelboard main: 


18-19: 
18-20. 
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First Floor. 
Second Floor. 
Third Floor. 
Fourth Floor. 


Fifth Floor. 


First Floor. 
Second Floor. 
Third Floor. 
Fourth Floor. 


Fifth Floor. 


First Floor. 
Second Floor. 
Third Floor. 
Fourth Floor. 
Fifth Floor. 


Size of branch-circuit conductors for air conditioner: 


18-21. 
18-22. 
18-23. 
18-24. 
l-25] 


First Floor. 
Second Floor. 
Third Floor. 
Fourth Floor. 
Fifth Floor. 


Number of branch-circuits for receptacles and floor plugs (20-amp circuit breakers): 


18-26. 
i827; 
18-28. 
15:291 
18-30. 


Find the size of the following for the main service: 


18-31. 


18-32. 
18-33. 
18-34. 


First Floor. 
Second Floor. 
Third Floor. 
Fourth Floor. 


Fifth Floor. 


Phases A, B, and C (parallel five times per phase). 


(Based on OCPD). 
Neutral (parallel five times per phase). 


Service conduit. 


Grounding electrode conductor. 
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TEST: INDUSTRIAL AND COMMERCIAL LOCATIONS 


Name 


Date 


Enter the answer(s) to each problem and the NEC section number(s) that support your answer(s) in the spaces 
provided. 


Section Answer 


Š) 


10. 


In a commercial building, the general lighting load will serve 
the loads only. 


Amulti-outlet assembly that serves light loads may be figured 
at a load of volt-amps foreach __’ 


When the load for show window lighting is calculated, 200 
volt-amps per linear foot is figured at duty. 


When the load for kitchen equipment is calculated, the total 


load may have a demand applied from Table according 
to the pieces of equipment installed. 
For a school, Table allows a demand to be applied 


according to the total connected load and the total square 
footage. 


A multi-outlet assembly that serves heavy loads may be 
figured at a load of volt-amps per’ 


For a group of welders, a multiplier may be applied to the 
connected load according to the ____ of the welder. 


Each general-purpose receptacle is figured at volt- 
amps, anda % demand factor may be applied to volt- 
amperage exceeding 10,000 volt-amps. 


In a commercial building, the general-purpose receptacle 
load will serve the loads only. 


Is it permissible to tap a small set of subfeeders to a large 
set of feeders without fusing the smaller subfeeders at the 
point of connection if the smaller set of subfeeders are not 
over 25’, have current-carrying capacity at least one-third 
that of the larger feeders, and end in a single set of fuses 
or breakers? YES or NO. 


Design Problems for Test 


Problem 1: A welding shop is supplied by a three-phase, 120/240-volt service and has the following loads: 
Group of resistance arc welders (50% duty cycle) 


21-kVA welder, 240 volts, single phase 
20.4-kVA welder, 240 volts, single phase 
18-kVA welder, 240 volts, single phase 


Group of transformer arc welders (50% duty cycle) 


56-amp welder, 240 volts, single phase 
68-amp welder, 240 volts, single phase 
49-amp welder, 240 volts, single phase 


Forty fluorescent lighting fixtures, each with 1.5-amp, 120-volt ballast (continuous load) 


Sixty-five general-purpose receptacles 


continued 
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e Motor loads (use only three-phase loads on high leg) 
Three-phase, 240-volt, 7 /2-horsepower squirrel-cage induction motor with code letter F 
Three-phase, 240-volt, 15-horsepower squirrel-cage induction motor with code letter F 
Three-phase, 240-volt, 20-horsepower squirrel-cage induction motor with code letter F 

e Three-phase, 20-amp, 240-volt air conditioner 

e Gas heat with a three-phase, 3-amp, 240-volt blower motor 

e Single-phase, 1,440-VA, 240-volt (continuous load) 


Find the size of the following: 
Section Answer 


1-1. Panel. 

1-2. Main (using nontime-delay fuses). 
1-3. Service conductors. 

1-4. Service raceways. 

1-5. Grounding electrode conductor. 


1-6, Motor feeder circuit fuses (NTDF) 


Problem 2: A two-story commercial office building is supplied by a three-phase, 277/480-volt, four-wire 

service. The office building has the following loads: 

First Floor: 

30-amp continuous lighting per phase 

25-amp duplex receptacles continuous duty per phase 

40-amp miscellaneous loads, 120-volt, single-phase, noncontinuous duty per phase 

Three-phase, 208-volt, 11/2-horsepower induction motor 

prener (a three-phase, 480-volt primary steps voltage down to three-phase, 120/208-volt for the first 
loor loads) 


Second Floor 
e 40’ x 60’ office area 
Sixty-five duplex receptacles 
60-amp miscellaneous loads, 120-volt, single-phase, noncontinuous duty per phase 
One three-phase, 208-volt, 2-horsepower motor 
Transformer identical to first floor transformer 
35-amp, three-phase, 480-volt air conditioner (serves complete building) 


Find the size of the following: 
2- 1. Secondary circuit conductors (THW copper) for first floor. 
(Based on OCPD). 
Transformer for first floor. 
Panelboard for second floor. 
Conductors for air conditioner branch circuit. 


Overcurrent protection device for air conditioner. 


2 
3 
4 
95 
2- 6. Service-entrance conductors. 
7.  Service-entrance conduit. 
8 Service panel. 
9 Service main (using circuit breakers). 
(0) 


Grounding electrode conductor. 


Name 
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FINAL TEST 


Date 
True or False 


Circle T (true) or F (false) for each statement. Enter the NEC section number that supports your answer in the 


space provided. 


TERRE 


su Sa ath a 


W a O Y 


10. 


aa 


12 
13. 
14. 


15. 
MG. 


We 


18. 


eo: 


ZU. 
Val le 


All 120-volt, 15-amp to 20-amp receptacles installed outdoors for residential 
units must be GFCl-protected. 


Running threads must not be used for connections at couplings. 

THW copper conductors may be installed within 3” of a ballast. 

A disconnecting means must be within sight of all motors. 

A receptacle rendered inaccessible by the installation of a refrigerator is 
considered when determining the required number of outlets for a residential 
unit. 

When rigid metal conduit is used, a #8 AWG solid insulated copper conductor 
must be installed between the swimming pool forming shell for a wet-niche 
lighting fixture and the junction box. 


Rigid nonmetallic conduit must not be installed where subject to physical 
damage unless approved for the installation. 


IMC is permitted for systems exceeding 600 volts. 


Communication conductors may be placed in raceways with power con- 
ductors. 


Grounding conductors for coaxial cable must have rubber or other suitable 
insulation. 


Coaxial cable must not be placed in a junction box containing conductors for 
light and power circuits. 


Athree-phase window air conditioning unit may be cord- and plug-connected. 
Setscrew couplings may be used when EMT is installed in concrete slabs. 


A single enclosure or raceway may be used for AC and DC systems of 600 
volts or less. 


A pull wire may be placed in each piece of rigid conduit as it is being installed. 


Wooden plugs inserted into masonry, concrete, or plaster walls may serve as 
the sole supporting means for electrical equipment. 


Aluminum conductors carrying over 50 amps must be grouped in AC circuits 
to prevent inductive heating of metal enclosures. 


Ina multifamily occupancy with no individual occupancies above the second 
floor, service equipment must be grouped in a common, readily accessible 
location. 

Service-entrance conductors may be spliced (general rule). 


Service grounding conductors may be spliced (general rule). 


The neutral must be grounded at each panel or load center at the service 
equipment. 
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T 


F 


22: 


23. 


24. 


25. 


26. 


2T- 


28: 


29. 
30. 


Si 


32. 


33. 
34. 
35. 


36. 
37. 
38. 


39. 
40. 


41. 


42. 


Each occupant of a multifamily building must have access to the occupancy’s 
service disconnecting means (general rule). 


MI cable may be installed in a Class |, Division 1 location. 

A small set of subfeeders not over 25’ in length with a current-carrying 
capacity of one-third the current-carrying capacity of larger feeders may be 
tapped to the larger feeders under certain conditions. 


Phase conductors for AC lighting and power circuits may be run in separate 
metal raceway systems. 


Service-entrance conductors are the only conductors permitted in service- 
entrance raceways (general rule). 


The bare conductor in a three-wire service-entrance cable may be used as 
the neutral to a range if connected to a sub-panel. 


Receptacle outlets must be installed in unused, unfinished basements of 
one-family dwelling units. 


PVC may be used as an underground wiring method serving service stations. 


Type THHN conductors may be used for service-entrance conductors 
exposed to the weather. 


Duplex receptacles in attached garages of dwelling units must be GFCI- 
protected. 


Duplex receptacles in hotel or motel guest bathrooms must be GFCI- 
protected. 


Insulating bushings must be marked with their maximum temperature ratings. 
Acontroller to a motor must open all ungrounded conductors simultaneously. 


When communication equipment is grounded, all separate grounding con- 
ductors must be bonded together. 


Capacitors must not be installed in vaults. 
A controller may be located 75’ from a motor if a clear line of sight exists. 


Switched receptacles are permitted to be used in the place of lighting outlets 
in kitchens of dwelling units. 


Capacitors disconnected from the line must have a discharging means. 


Capacitors connected directly to a motor winding must have additional dis- 
charging means. 


The running overcurrent protection that is installed on the load side of a motor’s 
starter must be changed when capacitors are installed to correct power factors. 


Capacitor cases must always be grounded (general rule). 


Completion 


Enter the word(s) that will complete each statement correctly and the NEC section number(s) that supports 
your answer(s) in the spaces provided. 


Section Answer 


1. The minimum service drop clearance over a public road is 
? 


10} 


ale 


12; 


13. 


14. 


15. 


16. 


Av: 


18. 
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The minimum service drop over analleyis_ ——— ”. 


(number) overcurrent protection device(s) is/are 
required for a three-phase motor. 


Without additional bracing, the maximum length of conduit 
items that may be used with a pendant fixture is _ We 


—— — equipment enclosures exclude dust or isolate elec- 
trical heat or sparks. 


; ; ,and_____, are four types of 
moisture-resistant insulation approved for wet locations. 


” is the smallest diameter of EMT. —  ”isthe 


largest diameter of EMT. 


Voltage drop notexceeding— — %isallowed for feeders. 


A run of rigid metallic conduit sized 2” to 3⁄4” must be sup- 
ported every ’ and within of each box or enclosure. 


is the maximum number of three-pole circuit breakers 
that may be installed in one lighting and appliance panelboard. 


Mounting nails passing through a box must be no more than 
” from the back of the box. 


’ is the maximum height for mounting disconnecting 
switches. 


Five markings found on motor nameplates are ss, 
; ; , and ; 


% is the minimum rating of a circuit breaker in- 


stalled on a motor branch circuit with code letter G. 


% is the permissible rating of the overcurrent pro- 
tection device on remote-control circuits to a motor. 


A— -horsepower motor is the largest motor that may 
utilize an attachment cap and receptacle as the controller 
and disconnecting means. 


’ is the maximum distance a junction box may be 
separated from a motor. 


An outlet box may support a light fixture weighing up to 
Ibs. 
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19. Generally, the maximum number of conductors that may be 
installed at any one cross-sectional area of an auxiliary 
gutter is 

20. Communication circuit conductors passing over buildings 
must be atleast’ above any roof that may be readily 
walked upon. 

21. Where practical, a separation of at least —— ` should be 
maintained between coaxial cable and lighting conductors. 

22. The ampacity of capacitor circuit conductors shall not be 
lessthan_ % of the rated current of the capacitor. 

23 % shall be the minimum rating for switches used for 
capacitor switching when a circuit exceeds 600 volts. 

24. Atleast_____” of free conductor shall be left at each outlet 
for make-up of splices and connections for fixtures and 
devices. 

25. An overcurrent protection device is required in each 
conductor (general rule). 

26. Ina dwelling unit, ’ is the maximum length of wall 
space from an outlet. 

27. A service-entrance conductor is considered outside the 
building when installed in not less than ” of concrete 
or masonry. 

28. Acircuit with a voltage drop not exceeding % at the 
end of a circuit will provide reasonable operating efficiency. 

29. The screw shell of alampholder may support a fixture up to 

” in diameter, not weighing over Ibs. 
30. Hazardous locations may include flammable gases or 
, flammable , combustible , or ignit- 
ible fibers or 
Multiple Choice 


Circle A, B, C, or D to complete each statement correctly. Enter the NEC section number that su pports your 
answer in the space provided. 


Section 


What methods may be used to assure electrical continuity of service equipment 
enclosures and raceways? 


A. Bonding 


B. Threaded couplings and hubs 
C. Locknuts and bushings 
D. Threadless couplings and bushings 


10. 
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The proper procedure when removing a receptacle from a metal floor raceway is to: 
A. Tape conductors and leave in a covered outlet box. 

B. Tape conductors and leave in an uncovered outlet box. 

C. Remove conductors from the raceway. 

D. Leave untaped conductors in a covered outlet box. 


What is the minimum size conductor that may be installed for festoon lighting not 
supported by a messenger cable? 

A. #8 

B. #10 

C. #12 

D. #14 


What is the minimum depth for direct burial cable with no supplementary protection? 
A. 6” 

si, a 

(Ge ite)” 

D24; 


What is the minimum volt-amperage rating of AD medium-base, heavy-duty lamp- 
holders? 

A. 300 VA 

B. 500 VA 

C. 660 VA 

D. 750 VA 


What is the smallest size copper conductor that may be installed in general-use circuits? 
A. #12 
B. #14 
C. #16 
D. #18 


The maximum number of #12 conductors allowed in a 4” square box, 114” deep, is: 
A. Eight 

B. Ten 

C. Twelve 

D. Fourteen 


The load for a household electric clothes dryer in a dwelling is the larger of the 
nameplate rating or: 

A. 4,000 VA 

B. 5,000 VA 

C. 6,000 VA 

D. 8,000 VA 


The maximum number of overcurrent devices (other than the main) in a lighting and ap- 
pliance branch-circuit panelboard is: 

A. Thirty-six 

B. Forty 

C. Forty-two 

D. Forty-eight 


What type of cable may be used under carpet squares? 
A. Type MI 

B. Type NM 

C. Type TC 

D. Type FCC 
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Discussion 


Write the answer to each question in the space provided below the question. Enter the section number that 
supports your answer in the space provided at the left. 


Section 
1. In general, where may rigid nonmetallic conduit be run? 


2. Where is a minimum of 14” air space required between the wiring system and its 
supporting surface? 


3. What related steps must be taken when running MI cables in notches cut into wooden 
studs? 


4. What is the purpose of a system ground? 


5. What is the purpose of an equipment ground? 


6. What must be present for an area to be classified a Class |, Division 1 location? 


7. Seals in Class |, Division 1 locations serve what purpose? 


10. 


wE 


We. 


13 


14. 
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What is the noncurrent-carrying conductor of a wiring system? 


What is the maximum weight permitted for a light fixture that is hung on a brass screw- 
shell socket? 


What are the classifications of branch circuits recognized by the NEC. 


What is a bathroom? 


How are receptacles that are to be connected to aluminum conductors marked? 


How are circuit breakers that are used for switching duty on 120-volt fluorescent 
lighting circuits marked? 


What is the procedure for computing the minimum size of conductors for a branch 
circuit with a motor load? 
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15: 


16. 


i7: 


18. 


12 


20. 


21, 


22 


How are motor terminals marked? 


What is an auxiliary gutter? 


What type of materials may be stored in transformer vaults? 


What is the maximum size solid conductor that may be installed in a raceway system? 


What is the minimum size of a copper grounding rod? 


What type of overcurrent protection devices may be installed in auxiliary gutters? 


What safety precaution should be observed when disconnecting capacitors with auto- 
matic discharge equipment? 


What does the NEC permit concerning use of the same grounding electrode conductor 
for system and equipment grounds? 


Design Problems and Tests 357 


23. What circuits may be run through strip lights mounted end-to-end? 


Design Problems 


Enter the answer(s) to each problem andthe NEC section number(s) that supports your answer(s) inthe spaces 
provided. 


Problem 1: An apartment complex has 24 units ona single-phase, 120/240-volt service. Each unit has a 25’ x 
36’ living area and is equipped with the following: 


12-kVA range, 240 volts 

12-kVA heating unit, 240 volts 
25-amp air conditioner, 240 volts 
1,400-VA dishwasher, 120 volts 
1,200-VA disposal, 120 volts 
1,000-VA compactor, 120 volts 


Find the size of the following using the optional calculation (do not apply Note 3): 


Section Answer 
1-1. Feeder conductors for each apartment (with overcurrent pro- 
tection at point of supply). 
22. Raceway for feeder conductors. 
1-3: Grounding electrode conductor (for each apartment). 
1-4. Service-entrance conductors (parallel four times per phase). 
1-5. Raceways for service-entrance conductors. 


Problem 2: A feeder circuit in an industrial plant supplies the shop area with the following loads: 


Three-phase, 50-amp, 480-volt motor for air compressor 

Three three-phase, 480-volt, 10-horsepower motors 

Two three-phase, 480-volt, 35-horsepower motors 

35 amps of lighting fixtures, 277 volts per phase 

Forty receptacles 

Three-phase, 480-volt, 714-horsepower motor for vent fan 

Ten two-light fluorescent fixtures with 1.5-amp, 120-volt ballasts per fixture (continuous duty) 
Three-phase, 19-amp, 480-volt air conditioner 

Four overhead gas heaters, each with a single-phase, 1.5-amp, 120-volt blower motor 


Find the size of the following: 
Section Answer 


2-1. Feeder circuit conductors (THWN copper). 
2-2. Feeder circuit conduit. 
23. Feeder circuit main (circuit breakers). 


2-4. Step-down transformer (120/240-volt, single-phase). 
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Problem 3: A mobile home park with thirty 12’ x 55’ mobile homes is supplied by a single-phase, 120/240-volt 
service. Each mobile home is on a feeder circuit and has the following loads: 


e 10-kVA, 240-volt heating unit 
6-kVA, 240-volt air conditioner 
800-VA, 120-volt disposal 

1.2-kVA, 120-volt dishwasher 
5-kVA, 240-volt water heater 
5-kVA, 240-volt dryer 

6-kVA, 240-volt wall-mounted oven 
e 8-kVA, 240-volt cooktop 


Find the size of the following: 


Section Answer 
3-1. Service equipment main. 
3-2 Feeder circuit conductors for each parking site (THWN 
copper). 
3-3. Feeder circuit conduit for each parking site. 
3-4. Equipment grounding conductor. 
3-5. Service equipment conductors (THW copper). 


Problem 4: A dry goods distribution center has a 50,000 sq. ft. warehouse connected to a 2,000 sq. ft. office 
area. The center is supplied by a 120/208-volt, four-wire system and has the following loads: 
Office Area 

e Twenty duplex receptacles 

e Three-phase, 38-amp air conditioner 

e Three-phase, 3-amp blower motor 

e Single-phase, 30-amp miscellaneous loads 


Warehouse Area 
e Fifty duplex receptacles 
e Fifteen duplex receptacles (continuous duty) 
e Six three-phase, 208-volt, 2-horsepower motors 
e Single-phase, 60-amp miscellaneous loads 
Find the size of the following: 


Section Answer 

= 4- 1 Transformers to supply total connected load. 
4- 2. Office panel. (Based on OCPD.) 

a 4- 3. Warehouse panel. (Based on OCPD.) 

4- 4. Service-entrance conductors (THWN copper). 
4- 5. Service-entrance conduit. 
4- 6. Auxiliary gutter to supplement all 2-horsepower motors. 
4- 7. Office feeder conductors (THHN copper with 90°C lugs.) 
4- 8. Office feeder conduit. 
4- 9. Warehouse feeder conductors (THWN copper). 


(Based on OCPD.) 
4-10. Warehouse feeder conduit. 


4-11. 
4-12. 
4-13. 
4-14. 
4-15. 
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Equipment grounding conductor for office panel. 
Equipment grounding conductor for warehouse panel. 
Grounding electrode conductor. 
Main for office. 


Main for warehouse. 


Problem 5: A recreational park has a ball field with twelve poles having six floodlights each. The floodlights 
are single-phase, 2.5-amp, 208-volt ballasts per fixture. The park also has a concession stand with a 120/240- 


volt, four-wire supply, and the following loads: 


Six 1.5 A fluorescent fixtures 
6.8-kVA, 208-volt blower motor 


8-kVA, 208-volt oven 

6-kVA, 208-volt kettle 

Two 5-kVA, 208-volt fryers 

7-kVA, 208-volt cooktop 

1.2-kVA, 120-volt popcorn machine 


Find the size of the following: 
Section Answer 


2-1. 


Ore. 


6-KVA, 208-volt water heater (continuous duty) 


6-kVA, 120-volt miscellaneous loads and lighting 


Branch-circuit conductors for each pole (THW aluminum). 
(Based on OCPD.) 


Overcurrent protection (circuit breakers) for each branch 
circuit to a pole. 


Panel for twelve poles. (Based on OCPD.) 


Feeder circuit conductors for concession stand (THWN 
aluminum). 


Panel for concession stand. 

Conduit feeding concession stand (IMC). 
Service-entrance conductors (THW copper). 
Service conduit. 


Service panelboard. 
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Problem 6: A small shopping and light commercial center has six businesses operating under one roof. The 
service equipment is grouped in one convenient and readily accessible location. The center is supplied by a 
three-phase, 277/480-volt, four-wire system. Step-down transformers are installed to reduce the voltage for 
120-, 208-, and 240-volt equipment. The signs are on the house meter and not on the feeder circuits. Businesses 
and their respective loads for the center are as follows: 


Small Store: 2,800 sq. ft.: 
e Forty receptacles 
e Three-phase, 18-amp, 480-volt air conditioner 
e Three-phase, 30-kVA, 480-volt heating unit 
e Three-phase, 3-amp, 480-volt blower motor 
e 25 linear feet of show window 
e Single-phase, 60-amp, 120-volt miscellaneous loads 


Office Building: 3,300 sq. ft.: 
e One-hundred-and-fifty receptacles 
e Three-phase, 24-amp, 480-volt air conditioner 
e Three-phase, 35-kVA, 480-volt heating unit 
e Three-phase, 4-amp, 480-volt blower motor 
e Single-phase, 80-amp, 120-volt miscellaneous loads 


Printing Shop: 2,400 sq. ft.: 

7,200 VA of lighting (continuous duty) 

Sixty-five receptacles (continuous duty) 

Three-phase, 40-amp, 480-volt printing press 
Three-phase, 30-amp, 480-volt bindery equipment 
Single-phase, 100-amp, 120-volt miscellaneous loads 


Small Warehouse: 4,000 sq. ft.: 
e Fifty receptacles 
e Single-phase, 100-amp, 240-volt office loads 
e Single-phase, 24-amp, 240-volt air conditioner 


Barber Shop: 
e Twenty 120-volt, four-light fixtures with two 1.5-amp ballasts per fixture 
e Sixty receptacles 
e Single-phase, 20-amp, 240-volt air conditioner 
e Single-phase, 6-kVA, 240-volt water heater 


Grocery Shop: 
e 60 amps of lighting per phase 
Forty receptacles 
Twenty receptacles (continuous duty) 
Three-phase, 40-kVA, 208-volt heating unit 
Three-phase, 3-amp, 208-volt blower motor 
Three-phase, 23-amp, 208-volt compressor for walk-in cold storage area 
Three-phase, 29-amp, 208-volt compressor for cooler display unit. 
Three-phase, 24-amp, 208-volt compressor for freezer 


Find the size of the following: 


Section Answer 
FEEDER CONDUCTORS (using THWN copper): 
out Small store. 
6- 2. Office building. 
6- 3. Printing shop. 
6- 4. Small warehouse. 
6- 5. Barber shop. 
6- 6. Grocery store. 


FEEDER CONDUIT: 


6- 7. Small store. 


Find the Service-entrance rating load for: 


cS: 
omnes 
6-10. 
6-11. 
Cle. 


6-113. 
6-14. 
G15: 
6-16. 
G7. 
6-18. 


6-19. 
6-20. 
6221F 
6-22. 
6-23. 
6-24. 


6:257 
6-26. 
6-27. 
6-26. 
6-29. 
6-30. 


6-31. 
6-32. 
6-33. 
6-34. 
6395 
6-36. 


Design Problems and Tests 


Office building. 

Printing shop. 

Small warehouse. 
Barber shop. 

Grocery store. 

FEEDER CIRCUIT PANEL: 
Small store. 

Office building. 

Printing shop. 

Small warehouse. 
Barber shop. 

Grocery store. 

FEEDER CIRCUIT MAIN: 
Small store. 

Office building. 

Printing shop. 

Small warehouse. 
Barber shop. 

Grocery store. 
STEP-DOWN TRANSFORMER: 
Small store. 

Office building. 

Printing shop. 

Small warehouse. 
Barber shop. 


Grocery store. 


Small store. 
Office building. 
Printing shop. 
Small warehouse. 
Barber shop. 


Grocery store. 


361 


Index 


A 


AC circuits, 179 
AC grounded service, main, 
supplying buildings, 184 
AC grounded systems, 182 
and grounding service, 182-183 
AC system 
conductor grounded by, 184 
grounding, 179-180 
grounding electrode conductor 
for, 195 
separately derived, 184-186 
Adapters, Type S, 69 
Additive polarity, 155 
Air conditioner 
in industrial and commercial 
locations, 272 
room, 147-149 
branch-circuit conductors for, 
147-148 
disconnecting means for, 148, 
149 
grounding, 147 
Air conditioning, 137-150 
Air conditioning load, 250, 252 
Aircraft hangars, 299-300 
Air-handling spaces, wiring for, 
149-150 
Allowable fill 
for conductor space, 40 
defined, 7 
for splices and taps, 40 
Altitude, and effect on motor, 124 
Ampere ratings, standard, for fuses 
and circuit breakers, 62 
Angle pull, 23, 24 
Appliance circuits 
designing and wiring, 101-105 
receptacle outlets for, 228 
Appliance load 
fixed, 237 
sizing branch circuits for, 92-93 
small, 236 
special, 236 
Appliances, 91-96 
branch-circuit overcurrent 
protection for, 93 
cord- and plug-connected, 


disconnection of, 94 
disconnecting means for, 93, 
94-95 
and flexible cords, 93 
grounding, 93 
motor-driven, 95 
disconnecting means for, 95 
overcurrent protection for, 95-96 
permanently connected,. 
disconnection of, 93-94 
ASE cable, 16 
Askarel transformers, 296 
Askarel-insulated transformer, 
installed indoors, 173 
Attachment plugs, 77 
Autotransformers, 168 
for stepping up or stepping down 
voltage, 168 
and three-phase, three-wire 
systems, 168-169 
and ungrounded systems, 168 
Autotransformer starting, 115-116 
Auxiliary gutters, 24-27 


B 


Backfill, 34 
Bathroom, receptacle outlets in, 229 
Battery, storage, as emergency 
power supply, 273 
Bonding, 189-192 
circuits over 250 volts, 190 
defined, 179 
of frames for ranges and clothes 
dryers, 188-189 
of service equipment, 189 
of spa or hot tub components, 
316 
of swimming pool components, 
313-314 
Bonding jumper, 188 
connected to equipment, 197 
equipment, 191-192 
size of, 185 
Bonding jumper conductor, 
determining size of, 191 
Boxes, in wiring system, 36-37 
BOY method, 46 
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Branch-circuit conductors 
and dwelling units, 235 
for hermetic motor, 144-145 
sizing, 109-110 
Branch-circuit fuse ratings, and 
hermetic motor, 141 
Branch-circuit overcurrent 
protection device, 219 
as disconnecting means, 126 
sizing, 112 
Branch circuits, 109-112, 201 
for appliances, 92-93 
for general lighting load, 246, 
247, 267 
for mobile homes, 257-258 
for outdoor signs, 268 
overcurrent protection for, 56, 71 
for receptacle load, 246, 247 
for room air conditioners, 147- 
148 
single, supplying two or more 
motors, 122-123 
Branch-circuit wiring, in heated 
walls, 99 
Bulk-storage plants, 302-304 
Busbars, 25, 44-45 
Bushings, 34, 39 
Busways, 9-12, 21 


C 


Cabinets, 37-40 
Cable 
AC armored (BX), 12-13 
ACL. 12 
electric space-heating. See heating 
cable 
flexible, 74-77 
inspection of, 101 
installation of in floors, 101 
MC metal-clad, 13-14 
multiple-conductor, 12-17 
nonmetallic sheathed 
Romex, 14-16, 15 
NM, 14, 15 
NMC, 14, 15 
service-entrance, 16-17, 16 
grounding, 189 
underground, under buildings, 33 


364 DESIGNING ELECTRICAL SYSTEMS 


Cable system, as electrical system 
for mobile homes, 257 
Cable trays, 27-28 
Capacitor, conductors for, 130, 131 
Cartridge fuseholders, 69 
Cartridge fuses, 69, 69 
Circuit breaker ratings, and 
hermetic motor, 141 
Circuit breakers 
as disconnect and overcurrent 
protection, 223 
indicating, 70 
instantaneous trip, 117, 717 
inverse-time, 117-118 
trip ratings for, 118 
location of, 42 
in circuit, 64-66 
marking, 70 
method of operation, 70 
as motor controller, 125 
in parallel, 62 
single-pole, 64 
Circuits 
appliance, 101-105, 228 
classes of, 132-133 
heater, 101-105 
intrinsically safe, 291 
motor control, disconnection of, 
130 
multiwire, 36 
not to be grounded, 181 
power-limited, 132 
power-unlimited, 132 
remote-control, 128 
underground, 31-35 
Code letters, on motors, 116 
Commercial service loads, 265-283 
Computers, grounding, 197-198 
Condensation, and raceways, 35 
Conductors 
ampacity of, 74, 82 
bare, 71, 72 
branch-circuit 
and dwelling units, 235 
sizing, 106, 109-110 
to capacitor, 130 
continuity of, 36 
for control circuits, 128-129 
current-carrying, 26 
current-carrying capacity of, 56 
deflection of, 39 
direct burial, 74 
entering bus enclosures, 47 
feeder circuit, and dwelling units, 
234-235 
for general wiring, 71 
grounded. See grounded 
conductors 
identification of, 74 


inductive effect of, 45 
installation of, 45 
insulated, 71 
minimum size of, 73-74 
overcurrent protection of, 58-61 
motor power circuit, 130 
open 
installed above ground, 212 
mounting supports for, 212 
occupying same enclosure, 131, 
132 
in parallel, 72-73 
permitted in raceway, 7 
service-entrance, sizing for 
dwelling units, 234 
shielding, 74 
single, 35 
stranded, 72 
supplying motors and loads, 112 
supplying one motor, 106-109 
supplying several motors, 110-111 
supports and arrangement of, 
44-45 
underground, protection for, 33, 
34 
in vertical raceways, 37 
in wet locations, 74 
in wireways, 9 
Conduit 
electrical metallic (EMT), 3, 4 
flexible metal (Greenfield), 4-5 
intermediate metal (IMC), 3 
liquidtight flexible (Weatherproof 
flex), 5 
metal, 1-5 
nonmetallic, 6 
rigid metal, 1-2 
rigid nonmetallic (PVC), 6 
Conduit system 
designing, 7 
as electrical system for mobile 
homes, 257 
sealing in, 293-294 
Continuous loads 
for industrial and commercial 
locations, 269-270 
on panelboard, 49 
Control-circuit transformer, 
overcurrent protection for, 
129-130 
Control circuits 
for magnetic starter contactor 
and enclosures, 132 
Overcurrent protection for, 128- 
129 
in raceways, 130, 131 
sizing conductors for, 128 
Control conductors, and service- 
entrance raceway, 212 


Controllers 
markings on, 137 
for motor, 124-125 
serving motors, 134 
Cooking facilities load, commercial, 
268-269 
Cooking units, counter-mounted, 
93 
Cord and plug, as disconnecting 
means, 140 
Cord- and plug-connected 
equipment, 78-81, 186 
grounding for, 188 
near swimming pools, 310 
Cord- and plug-connected motor 
compressors, 147 
Cord-and-plug wiring, 101 
Cord system, as electrical system 
for mobile homes, 256 
Cords 
hard usage, 76 
overcurrent protection for, 62, 
76-77 
and strain, 76, 77 
Countertops, receptacle outlets 
over, 229 
CT enclosure, 45 
Current-carrying capacity, of 
conductors, 56 
Currents 
induced, 37 
in metal enclosure raceways, 37 
Cutout box, 38 


D 


Delta breakers, 50 
Delta-connected secondary, closed, 
sizing transformers for, 
157-158 
Delta-connected service, 213 
Delta-connected system, 158-159 
Delta transformer connections, 154 
Demand factors, 236-237 
Direct wiring, 101 
Disconnecting means 
for air conditioning equipment, 
139 
locating, 140 
for air conditioning motor 
controller, 138-139 
for appliances, 93, 94-95 
cord and plug as, 140 
disconnecting grounded 
conductor, 215 
disconnecting ungrounded 
conductor, 215 


for heating equipment, 96-98 

for hermetic refrigerant motor- 
compressor, 139 

for industrial and commercial 
locations, 271 

for more than one building, 217 

for motor-driven appliances, 95 

for motors, 125-127 

in open position, 128 

for room air conditioner, 148, 
149 

service. See service disconnecting 
means 

for service conductors, 214-215 

and service drop, 210 

service-entrance, 214 

for service equipment, 214-217 

and service lateral, 210 

unit switches as, 94-95 


Disconnection 


of cord- and plug-connected 
appliances, 94 
of permanently connected 


for hotels, 283 

for industrial and commercial 
locations, 270-273, 275- 
283 

for office buildings, 278, 279 

for restaurants, 278-279, 280 


for school building, 280-281, 282 


sizing elements of, using rule of 
thumb method, 271-272 
for store buildings, 276-278 
for welding shops, 279-280, 281 
Electric-discharge fixtures, and 
flexible cords, 79 
Electric-discharge lighting loads, 
241, 242 


Electric space-heater, for industrial 
and commercial locations, 


272 
Electromagnetic interference, 50 
Emergency power supply 
generator set as, 273-274 
separate service as, 274, 275 
storage batteries as, 273 


Index 365 


147 
Fixture whip, 59, 87 
Fixture wires, 55, 77-78 
ampacity of, 77-78 
approved types of, 77 
minimum size of, 78 
number of in conduit, 78 
overcurrent protection for, 62, 78 
uses permitted for, 78 
Flexible cables 
ampacity of, 74-77 
uses not permitted for, 76 
uses permitted for, 75 
Flexible cords, 74 
and air conditioners, 80 
ampacity of, 74-77 
and appliances, 93 
in Class I, Divisions 1 and 2 
locations, 81 
in Class II, Division 2 locations, 
296 
and controls replacement, 80 
and counter-mounted cooktops, 


appliances, 93-94 
Donut method, 220 
Double-throw switch, 42 
Dryer load, 237 


and tap ahead of main, 274, 275 
unit equipment as, 275 


Emergency systems, designing, 


273-275 


79 
and electric-discharge fixtures, 79 
and emergency battery packs, 81 
and heating and kitchen 


Dryers, clothes, bonding and 
grounding of frames for, 
188 


Dry-niche fixtures, 313 


Dry-type transformers, 160-161, 
171172 


Ducts, wiring for, 149 
Dwelling unit 


defined, 228 
service load for, 234-252 


E 


Earth-electrode resistance, and soil 


treatment, 193-194 


Edison-base fuseholders, 69 
Electrical equipment 


in aircraft hangar, 300 

in gasoline and service stations, 
301 

in hazardous areas of commercial 
garages, 298 

above hazardous locations, 299 

location of, 202 

sealing, 298 

working space for, 202-203 


Electrical service, for mobile 


homes, 256-259 
Electrical system coordination, 63 
Electrical systems 

for hospitals, 281-282 


EMT, 3, 4 
Enclosure, CT, 45 
Enclosure grounding, 181-186 
Enclosures 
grounding of, 43 
for panelboards, 50 
for switches, 41 
Equipment 
cord- and plug-connected, 186 
fixed, 186 
overcurrent protection of, 58 
Equipment bonding jumper, main, 
191-192 
Equipment grounding, 186 
Equipment grounding conductors 
and continuity, 197 
sizing, 195-196 
Expansion joints, for raceways, 35 


F 


Fans, ceiling, 88, 93 
Feeder circuit conductors, and 
dwelling units, 234-235 
Feeders, 201 
overcurrent protection for, 70 
Fittings, in wiring system, 36 
Fixed appliance load, 237 
Fixed equipment, 140, 186 
grounding for, 188 
Fixed-wired motor-compressors, 
overload protection for, 


appliances, 79 
and lighting and appliance 
branch circuits, 78 
and mobile hornes, 81 
and motors, 80 
and portable lamps, 79 
and ranges, 79 
for room air conditioners, 149 
and showcases, 78 
and splices, 76 
and swimming pools, 81 
uses not permitted for, 76 
uses permitted for, 75 
and wall-mounted ovens, 79 
Fluorescent lighting fixtures, 88, 
90, 91 
in industrial and commercial 
locations, 272 
Full-load current 
finding using alternate method, 
133, 134 
of unlisted motor, 133 
Full-voltage starting, 115 
Functionally associated motors, 130 
Fused disconnect switches, 42 
Fuseholders, 69, 69 
Fuses 
classification of, 69, 70 
as isolating switch, 223 
location of in circuit, 64-66 
nontime-delay, 117, 717 
as overcurrent protection, 223 
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in parallel, 62 
time-delay, 117, 117 


G 
Garages, commercial, 297-299 
Gasoline stations, 300-302 
Gas pipe, 193 
General lighting loads, 235, 237 
branch circuits for, 267 
for industrial and commercial 
locations, 265-266, 267 
General-purpose receptacle loads, 
for industrial and 
commercial locations, 266 
General-use AC snap switch, 126 
General-use switch, 125 
Generators, 180 
sizing, 271 
Generator set, as emergency power 
supply, 273-274 
GFCI-protected receptacle outlets, 
231-232 
GFCI’s, and swimming pools, 312 
Greenfield. See conduit, flexible 
metal 
Ground, defined, 179 
Grounded, defined, 179 
Grounded circuit conductor, and 
grounding equipment, 189 
Grounded conductors, 41, 66 
for AC grounded systems, 185 
and AC system, 184 
defined, 179 
identification of, 77, 78 
and objectionable current, 181- 
182 
size change in, 67 
Grounded electrode terminals, 
splices for, 195 
Grounded systems, 187, 187 
AC, 182 
converted from ungrounded 
systems, 168 
Ground-fault detection, types of, 
220, 220 
Grounding, 179-198 
AC circuits, 179 
AC systems, 179-180 
appliances, 93 
circuit and system, 179-181 
computer equipment, 197-198 
cord- and plug-connected 
equipment, 188 
enclosure, 43, 181-186 
equipment, 186 
equipment around swimming 
pool, 314-315 
fixed equipment, 188 
frames for ranges and clothes 


dryers, 188-189 
metal-armored cable, 189 
methods, 186-189 
panelboards, 50 
service equipment, 189 
and spas or hot tubs, 316 

Grounding conductors, 194-196 
connected to equipment, 197 
identification of, 77 
connections, 196-197 
and service-entrance raceway, 212 

Grounding electrode conductors, 

182, 187, 194 
connections to, 196-197, 197 
installation requirements for, 

194-195 
size of, 185 
sizing for AC systems, 195 

Grounding electrodes, 193 
selecting, 185 

Grounding electrode system, 192- 

193, 193 

Grounding equipment, and 

grounded circuit 

conductor, 189 

Grounding path 
effective, 187 
for grounding electrode at 

service, 187-188 

Grounding service, supplied by AC 

system, 182-183 

Gutters, for industrial and 

commercial locations, 271 


H 


HACR CB, 141 
Handy boxes, 19, 79 
Hangars, aircraft, 299-300 
Hard-usage cords, 76 
Hard-wired equipment, 140 
Harmonics, defined, 26 
Hazardous areas, in commercial 
garages, 298 
Hazardous locations, 289-306 
classes and divisions of, 290-291 
classifying, 289-291 
groups, 291 
and spray application, dipping, 
and coating processes, 
304-306 
Heated ceilings, clearances of 
wiring in, 99 
Heated walls, branch-circuit wiring 
in, 99 
Heater 
electric space-, for industrial and 
commercial locations, 272 


water, 93 
Heater circuits, designing and 
wiring, 101-105 
Heating cables, 98-101 
area restrictions on, 99 
conductors for, 99 
inspection of, 101 
installation of, 100, 101 
marking of, 98, 99 
nonheating leads of, 100 
spliced, 100 
Heating equipment, 96-101. See 
also space-heating 
equipment 
disconnecting means for, 96-98 
101 
finding kW from voltage, 98 
overcurrent protection for, 98 
and switches, 98 
Heating panels, 98, 99, 100, 101 
area restrictions on, 99 
general, 101 
installation of, 100, 101 
nonheating leads of, 100 
Heating unit loads, 243 
Hermetic motors, 137 
branch-circuit conductors for, 
144-145 
and branch-circuit fuse ratings, 
141 
and circuit breaker ratings, 141 
cord- and plug-connected, 140 
and overcurrent protection 
device, 141-143 
Hermetic refrigerant motor- 
compressor 
disconnecting means for, 139 
markings on, 137 
Hermetic systems, 137 
High-leg marking, 45 
High-voltage terminals, identifying, 
155 
Hookstick-operated switches, 42 
Hospital, electrical systems for, 
281-282 
Hotel, electrical systems for, 283 
Hot tubs, 315-316 
Hydromassage, 315-316 
Hysteresis, defined, 37 


I 


IC ratings, of fuses or circuit 
breakers, 221 

IMC, 3 

Incandescent lighting fixtures, 86, 
90 

Induced currents, 37 

Inductive effect, 45 


Industrial service loads, 265-283 
Inrush current, defined, 60 
Instantaneous trip circuit breakers, 
I7 JUL 
sizing, 118, 119 
Insulation, for service conductors, 
205 
Intrinsically safe circuits, 291 
Intrinsically safe equipment, 291 
Inverse-time circuit breakers, 117- 
118, 120 
sizing, 118, 119 
trip ratings for, 118 
Isolating switches, 223, 223 


J 


Junction boxes, 17, 23-24 
in industrial and commercial 
locations, 271 
remote, 87 
for underwater fixtures, 313 


L 


Lampholders, cord-connected, 90 
Laterals, 203, 208-209 
Lateral service, 201 
Laundry load, 236 
Lighting fixtures, 85-91 
in clothes closets, 87 
and combustible materials, 86 
cord-connected, 90 
in corrosive locations, 85 
cove, 87 
in ducts or hoods, 85 
electric-discharge, 88 
explosion-proof, 292 
with exposed parts, 89 
fluorescent, 88, 90, 91 
in industrial and commercial 
locations, 272 
hanging, 86 
incandescent, 86, 90 
methods of grounding for, 89 
for mobile homes, 258 
mounting, 91 
outlet boxes for, 87-88 
as raceways, 90 
recessed 
clearances for, 90 
high-intensity discharge, 91 
thermal protection for, 90 
in show windows, 86 
near spas or hot tubs, 315 
supports for, 88-89 
near swimming pools, 310 
underwater, 312-313 


in wet and damp locations, 85 
wiring for, 90-91 
Lighting loads 
general, for industrial and 
commercial locations, 265- 
266, 267 
show window, 268, 269 
Lighting outlets, 233-234 
in dwelling units, 233 
in hotel and motel guest rooms, 
234 
Locked rotor current (LRC), 
116-117 
Low-voltage terminals, identifying, 
155 
LRC. See locked-rotor current 


M 


Made electrodes, 193-195 
Mast weatherhead system, 257 
Metal enclosure raceways, currents 
in, 37 
Microfarads, 131 
Mobile homes, 256-259 
Motel. See hotel 
Motor 
and altitude, 124 
highest rated, 137 
Motor circuit 
designing 
using instantaneous trip circuit 
breaker, 118, 119 
using inverse-time circuit 
breaker, 106, 118, 119 
using nontime-delay fuse, 118 
using time-delay fuse, 106, 118, 
119 
individual, ratings for, 118 
Motor-circuit horsepower-rated 
switch, 126 
Motor-compressors 
cord- and plug-connected, 147 
hermetic refrigerant, 137 
individual, overcurrent protection 
for, 141 
motor controllers for, 146 
overload protection for, 146-147 
Motor control circuits, 
disconnection of, 130 
Motor controllers 
for motor-compressors, 146 
sizing, 124-125 
for torque motor, 125 
Motor feeders, 109-112 
Motor loads, 244-245 
for industrial and commercial 
locations, 266-267 
Motor power circuit conductors, 
130 
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Motors 
continuous-duty, 112 
and controllers, 134 
DC, 114 
fractional-horsepower, 122, 134 
overcurrent protection device 
for, 122 
functionally associated, 130 
in group installation, 122, 123 
induction, 113 
noncontinuous-duty, 112 
running overload protection for, 
106, 123-124 
single-phase AC squirrel-cage, 
113-114 
split-phase induction, 113-114 
squirrel-cage induction, 112 
starting methods for, 115-116 
synchronous, 114 
three-phase squirrel-cage, 114 
types of, 110-114 
wound-rotor, 112, 114 
Multifamily dwellings, service- 
entrance conductors for, 
253-256 
Multi-outlet assembly loads, for 
commercial and industrial 
locations, 266, 267 
Multiwire circuits, 36 


N 


Nameplates, 137-138 
Neutral load, 241 
Neutral wire 
uninsulated, 17 
on wye system, 26 
Nipples, designing, 8 
NM cable, 14-16 
NMC cable, 14, 15 
Noncoincident loads, 244 
Noncontinuous loads, for industrial 
and commercial locations, 
269-270 
Nontime-delay fuses, 117, 717 
sizing, 118 
No-plug-in busway, 11, // 


O 


Objectionable current, 181-182 
Octagon boxes, 17, 18 
Office building, electrical systems 
for, 278, 279 
Oil-insulated transformer 
installed indoors, 173 
installed outdoors, 173-174 
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Oil switch, as disconnect, 223 
Outlet boxes, 17-23 
conductors in, 22 
handy, 19, 19 
mounting, 20 
octagon, 17, 18 
square, 78, 19 
switch, 19, 79 
Ovens, wall-mounted, 93 
Overcurrent protection, 55-71 
for appliances, 93, 95-96 
for branch circuits, 56, 71 
for conductors, 58-61 
for continuous loads, 56 
for control-circuit transformers, 
129-130 
for cords, 76-77 
enclosures for, 39-40 
for equipment, 58 
for feeders, 70 
for hermetic motors, 141-143, 
144 
for industrial and commercial 
electrical systems, 270 
for motor-compressors, 141, 146- 
147 
for noncontinuous loads, 56 
for panelboards, 48 
for primary of transformer, 161- 
165, 167 
for service conductors, 224 
for service equipment, 217-221 
for transformers over 600 volts, 
161-162 
for transformers 600 volts or 
less, 162-165 
Overcurrent protection devices 
boxes or enclosures for, 68 
branch-circuit, 219 
in damp or wet locations, 68 
designing and selecting, 118, 119 
and group of motors, 134 
located in or on premises, 67-68 
for service equipment, 
requirements for, 217-219 
sizing, 112 
for feeder supplying two or 
more motors, 120-121 
above locked-rotor current, 120 
supplementary, 62 
types of, 117-118 
Overhead conductors, over 
swimming pools, 310-311 
Overhead services, 201, 206-208 
Overload protection 
elimination of, 63 
for fixed-wired motor- 
compressors, 147 
for motor-compressor, 146 


Overload relays, 146-147 


P 


Panelboards, 44-51 
and continuous load, 49 
enclosures for, 50 
grounding of, 50 
for industrial and commercial 
electrical systems, 271 
installation of, 44 
lighting and appliance branch- 
circuit, 47 
individual protection for, 48 
overcurrent devices on, 48 
and overcurrent protection, 48 
supplied through transformers, 
49-50 
used for service equipment, 45 
wire bending space in, 50 
Panels 
installation of in floors, 101 
for recess mounting, 101 
for surface mounting, 101 
Parallel operation, of transformers, 
170 
Pedestal system, 257 
Phase converter, 150 
Plenums, wiring for, 149-150 
Plug and receptacle, as 
disconnecting means for 
motors, 126 
Plug fuses, 68-69, 68, 69 
Plug-in busway, 11, JZ 
Plugs, attachment, 77 
Polarity connections, identifying, 
155 
Pools. See swimming pools 
Power-limited circuits, 132 
Power-unlimited circuits, 132 
Primary current, of transformer, 
159-160 
Pull boxes, 23-24 
in industrial and commercial 
locations, 271 


PVC. See conduit, rigid nonmetallic 


R 


Raceways 
control circuits in, 130, 131 
expansion joints on, 35 
lighting fixtures as, 90 
metal enclosure, currents in, 37 
sealing, 35 
seals for, 34 
and temperature, 35 
types of, 1-6 
vertical, conductors in, 37 


Range load, 237-241 
Ranges, bonding and grounding of 
frames for, 188 
Reactor starting, 115 
Readily accessible, defined, 67 
Receptacle grounding terminals 
connecting without bonding 
jumper, 190-191 
connecting to box, 190-191, 190 
Receptacle loads, 237 
general-purpose, for industrial 
and commercial locations, 
266 
over 10 kVA, 268 
Receptacle outlets 
in basements, 231 
bathroom wall, 229 
over countertops, 229 
in crawl spaces, 232 
in dwelling units, 227-233 
installing, 227-228 
in garages, 231 
GFCI-protected, 231-232 
in hotel and motel guest rooms, 
231 
in laundry areas, 231 
in mobile homes, 258 
outdoor, 229-230 
for small appliance circuits, 
228-229 
Receptacles 
near spas, hot tubs, or 
hydromassages, 315 
near swimming pools, 309 
wall, installing, 228 
Refrigeration, 137-150 
Remote-control circuits, 128 
Remote junction box, 87 
Resistor, separate from controller, 
112 
Resistor starting, 115 
Restaurant, electrical systems for, 
278-279, 280 
Romex. See cable, nonmetallic 
sheathed 
Room air conditioner 
branch-circuit conductors for, 
147-148 
disconnecting means for, 148, 
149 
grounding, 147 
sizing and installing, 147-149 
supply cords for, 149 
Rosettes, 37 
Rotor (armature), 114 
Running overload protection, 123- 
124 
Running overload protection 
device, sizing, 123-124 


S 


School building, electrical systems 
for, 280-281, 282 
Sealing 
in aircraft hangar, 300 
in bulk-storage plants, 304 
in conduit systems, 293-294 
of electrical equipment, 298 
in gasoline and service stations, 
301-302 
SE cable, 16, 17 
Secondary current, of transformers, 
159-160 
Secondary terminals, of 
transformers, 156 
Secondary ties, 169-170 
defined, 169 
Separately derived AC systems, 
designing and grounding, 
184-186 
Service, passing through buildings, 
205 
Service cables 
mounting supports for, 212 
open, 212 
termination methods for, 213 
Service conductors, 201 
classifying, 222 
with higher voltage to ground, 
213 
insulation of, 205, 206 
maximum number of 
disconnecting means for, 
214-215 
overcurrent protection devices 
for, 224 
proper clearances for, 206 
rating of, 206 
size of, 205, 206 
Service disconnecting means, 223 
combined rating of, 216 
for equipment secondaries, 223 
grouping, 215 
and isolating switch, 223 
rating, 216 
Service drop conductors, 207, 208 
Service drops, 201 
number of, 203 
Service-entrance cable, 212 
grounding, 189 
Service-entrance conductors, 201 
designing and installing, 210-213 
and disconnecting means, 210 
for dwelling units, 234 
sizing using optional 
calculation, 246, 249-251 
sizing using standard 
calculation, 246, 248-249 


for electric space-heating units, 
250, 251 
for hospitals, 281-282 
for hotels, 283 
insulation for, 209 
for multifamily dwellings, 
253-256 
sizing using optional 
calculation, 253, 255-256 
sizing using standard 
calculation, 253, 254-255 
for office building, 278, 279 
outside of building, 210 
rating of, 209-210 
for restaurant, 278-279, 280 
for school building, 280-281, 282 
600 volts or less, wiring methods 
for, 210 
sizing, 209-210 
spliced, 211 
for store buildings, 276-278 
for welding shop, 279-280, 281 
wiring methods for, 222 
Service-entrance disconnecting 
means, location of, 214 
Service-entrance raceway, 212 
Service-entrance sets, number of, 
209 
Service equipment 
bonding, 189, 214 
disconnecting means for, 214-217 
enclosing, 214 
and equipment connected to 
supply side, 216 
ground-fault protection for, 219- 
220 
grounding, 189, 213-214 
guarding, 213-214 
installing, 201 
overcurrent protection devices 
for, 217-221 
panelboards used for, 45 
protection of specific circuits in, 
219 
for services over 600 volts, 221- 
224 
and service point, 221-222 
supplying buildings, 184 
switchboards used for, 45 
and voltage over 600 volts, 222 
wye-connected, 219-220 
Service equipment terminals, short- 
circuit current at, 220-221 
Service head connections, 212-213 
Service lateral conductors, 208-209 
Service loads 
additional 
for dwelling units, 252-253 
for industrial and commercial 
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locations, 269, 270 
designing and calculating, 234- 
252 
for industrial and commercial 
locations, 265-283 
for mobile homes, 258-259 
types of, for dwelling units, 235- 
236 
Service mast pipe, 207 
Service point, for service over 600 
volts, 221-222 
Service raceway, termination 
methods for, 213 
Service rating 
minimum, 245-246 
for mobile homes, 259 
Services, 201-224 
number of permitted to building, 
203-205 
Service stations, 300-302 
Showcases, cord-connected, 89 
Show window lighting load, 268, 
269 
Sign outlet load, outdoor, 268 
Single-phase transformer 
connections, 154 
Single-pole circuit breakers, 64 
Single-throw switch, 41-42 
Small appliance load, 236 
Snap switches, 44, 44 
rating and use of, 44 
30 amps or less, 49 
Soil treatment, and earth-electrode 
resistance, 193-194 
Space-heating equipment 
fixed electric, 96-101 
branch circuits for, 96 
Space-heating units, electric, 250, 
251 
Spas, 315-316 
Special appliance load, 236 
Splices, 34 
within conduit, 36 
and flexible cords, 76 
Spray application areas, 304-306 
Square boxes, /8, 19 
Star transformer connections. See 
wye transformer 
connections 
Stator, defined, 114 
Storage areas, 297-299 
Storage battery, as emergency 
power supply, 273 
Store buildings, electrical systems 
for, 276-278 
Straight pull, 23, 24 
Subfeeders, 201 
Subtractive polarity, 155 
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Swimming pools, 309-315 
bonding components of, 313-314 
and GFCTI installation, 312 
grounding equipment around, 
314-315 
and transformer installation, 312 
and underwater lighting fixtures, 
312-313 
Switch boxes, 19, 19 
Switch connections, 40 
Switchboard frames, grounding, 47 
Switchboards, 44-47 
Switches, 40-44 
enclosures for, 39-40, 41 
` fused disconnect, 42 
hookstick-operated, 42 
knife, 41-42 
location of, 42, 43 
snap, faceplates for, 43 
three- and four-way, 40 
unit, 94, 98 
voltage between, 43 
wall, near spas or hot tubs, 
315-316 
in wet locations, 41 


T 


Tap conductors, and transformers, 


165-167 
Taps, 34 


to busbars, 26 
Terminals, 60°C and 75°C, 56 
Thermal devices, 62 
Thermal expansion, and raceways, 


3 
PORT, three-wire systems, 
168-169 
Three-wire circuit, transforming to 
three-phase, four-wire 
circuit, 168 
Time-delay fuses, 117, 717, 120 
sizing, 118, 119 
Transfer equipment, 216 
Transformers, 153-178 
Askarel-insulated, installed 
indoors, 173 
in Class II, Division 2 locations, 
296- 
connected in parallel, 170 
connecting for single-phase 
system, 156 
connecting for three-phase, 
closed delta system, 156 
connecting for three-phase, open 
delta system, 156 
connecting for three-phase, wye 
system, 156 
control-circuit, 129-130 


designing and sizing, 158-159 
dry-type, 160-161 
installed indoors, 171, 172 
installed outdoors, 171 
for closed delta-connected 
secondary, 157-158 
finding amperage of, 159-160 
guarding, 171 
installing, 160 
less-flammable, liquid-insulated, 
171 
nonflammable, fluid-insulated, 
171 
oil-insulated, 173-174 
overcurrent protection for, 161- 
165 
primary and secondary current 
of, 159-160 
and swimming pools, 312 
three-wire-to-four-wire, 164 
two-wire-to-three-wire, 164 
ventilation for, 171 
for wye-connected secondary, 
156-157 
Transformer case, grounding, 171 
Transformer connections, 153-158 
and additive or subtractive 
polarity, 155 
delta, 154 
single-phase, 154 
wye, 154 
Transformer vaults, 174-175 
ventilation openings in, 174 
Transformers, 153-175 
Trays, cable, 27-28 
Trolley busway, 11, 27 
Turns ratio, of transformer, 153 


U 


Underground circuits, 31-35 
Underground service. See service 
lateral conductors 
Underground wiring 
in bulk-storage plants, 304 
in gasoline and service stations, 
302 
under swimming pools, 311-312 
Underwater fixtures, junction boxes 
for, 313 
Underwater lighting fixtures, 312- 
313 
Ungrounded conductors, 63 
Ungrounded system, 187, 187 
converting to grounded system, 
168 
Unit equipment, as emergency 
power supply, 275 
Unit switches, 98 


as disconnecting means, 94-95 
U-pull, 23 
USE cable, 16 


vV 


Vertical raceways, conductors in, 
37 
Voltage drop, designing, 272-273 


W 


Wall receptacles, installing, 228 
Wall space, defined, 228 
Wall switches, near spas or hot 
tubs, 315-316 
Water heater loads, 243 
Water heaters, 93 
Welding shop, electrical systems 
for, 279-280, 281, 284 
Wet-niche fixtures, 312-313 
Window method, 220 
Wireways 
for industrial and commercial 
locations, 271 
sizes of, 8-9 
supports for, 9 
Wiring 
in aircraft hangars, 300 
for air-handling spaces, 149-150 
for appliances, 101-105 
in bulk-storage plants, 303-304 
in commercial garages, 298 
cord-and-plug, 101 
direct, 101 
electric heating furnaces, 104 
in gasoline and service stations, 
301 
above hazardous areas, 298-299 
in heated ceilings, 99 
water heaters, 103 
Wiring methods 
Class I, Divisions 1 and 2, 291- 


293 

Class II, Divisions 1 and 2, 294- 
296 

Class III, Divisions 1 and 2, 
296-297 


Working space, for electrical 
equipment, 202-203 

Wye-connected secondary, 
transformers for, 156-157 
158 

Wye-connected service 
equipment, 219-220 

Wye system, advantage of, 158 

Wye transformer connection, 154 


PANELBOARDS 


SINGLE-PHASE—3-WIRE SYSTEMS 


THREE-PHASE VALUES 
for 208 volts 1.732, use 360 


40A 100A 150A 225A 400A 
70 A 125A 200A 300A 600A 


for 240 volts 1.732, use 416 


for 230 volts 1.732, use 398 BUSWAY 
or BUSDUCT 


THREE-PHASE—4-WiRE SYSTEMS 


for 440 volts 1.732, use 762 
for 460 volts 1.732, use 797 


60 A 


150 A 


for 480 volts 1.732, use 831 225 A 


225A 400A 


125A 200A 300A 600A 400 A 

600 A 

800 A 

GUTTERS and WIREWAYS = 1000 A 

ee exe | | 
AY Sc Ar 8” 8” = 

à = 1600 A 

These sizes are available in 12”, 24”, 2000 A 

36", 48”, and 60” lengths. 2500 A 

3000 A 

DISCONNECTS 4000 A 

5000 A 


30 A | 200 A 
60 A | 400A 
100 A | 600 A 


SANA ANA X A X X 


SWITCHBOARDS 

or SWITCHGEARS 15 70 
x x 20 80 
x x 25 90 
x x 30 100 
x x 55 110 
x x 40 125 
x x 45 150 
x x slit Ture! 
ss X 60 200 
x x 
x x 

5 and 10. 


AC/DC FORMULAS 


DIRECT ALTERNATING CURRENT 
FIND CURRENT 19, 115 or 120 V 14, 208, 230, or 240 V 36—ALL VOLTAGES 


AMPERES WHEN HP x 746 __HP x 746 __HP x 746 _ HPx76 
HORSEPOWER IS KNOWN EE x Epe (Bee Pe Epp x PF E x Eee x eae Bae PE (74.0 EX Ee x PF Epp x PF 
AMPERES WHEN KW x 1000 x 1000 kW x 1000 x 1000 kW x 1000 x 1000 Kw x 1000 x 1000 
KILOWATTS IS KNOWN "EK PF eT 48 SE PE 
AMPERES WHEN KVA x 1000 x 1000 kVA x 1000 x 1000 kVA x 1000 x 1000 
kVA IS KNOWN 173 x 173% Ee. 
ss J xe x PF ix E x PF Ix Ex 173 x PF 
ith al ngs 1000 1000 o wo 
KILOVOLT-AMPS Ix E LXE Ix Ex173 
1000 1000 1000 
HORSEPOWER —_ ae ae Ix E x 1.73 x Epp x PF 
(OUTPUT) 


225 A 
400 A 
600 A 
800 A 

1000 A 

1200 A 

1350 A 

1600 A 

2000 A 

2500 A 

3000 A 

4000 A . 

5000 A 


CBs and FUSES 


225 800 
250 1000 
300 1200 
350 1600 
400 2000 
450 2500 
500 3000 
600 4000 
700 5000 
6000 


For fuses only, additional 
standard sizes are 1, 3, 6, 
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